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ABSTRACT 


The  Airborne  Time  System,  Radar  Display  System,  and  modification  to 
Automatic  Mumiuring  and  Data  Processing  Systems  (AMDPS)  were  designed, 
fabricated,  installed,  and  checfedout  for  Rome  Air  Development  Center  (RADC) 
on  Contract  AF30(602)-2209.  Installotion  and  checl'.oul  were  accomplished  at  the 
Verono  Test  Site. 

The  Airborne  Time  System  is  on  extension  of  the  Time  Signal  Set  AN/USQ-23(V). 
The  system  extended  the  range  of  the  Time  Signal  bet  frorn  2  miles  to  200  miles.  The 
time  signal  is  prepared  for  transmission  over  a  standard  radio  link.  The  signal  is 
received  in  aircraft  and  the  time  code  is  then  decoded  for  visuol  display  ond  magnetic 
tape  recording.  Physical  requirements  of  the  Units  were  dependent  upon  aircraft 
environment. 

The  Radar  Data  Display  System  Is  used  to  distribute  MSG-IA  and  MOD-III 
radar  range  and  azimuth  information  at  several  remote  locations.  The  information 
is  transmitted  over  an  oudio  land  line.  The  transmission  method  is  seriol  on-off 
tone  bu.'^t.  The  range  and  azimuth  information  is  demodulated  and  stored  for 
visual  display  at  each  remote  site.  A  decimal  readout  is  accomplished  with  nixie 
indicator  tubes. 

The  Automatic  Monitoring  and  Data  Processing  Equipment  Data  Recorder 
modification  consisted  of  increasing  the  recording  capability  of  the  Data  Recorder 
by  better  utilizing  the  total  available  recording  time.  In  addition  to  increasing 
the  recording  capobilily,  the  recording  cycle  was  altered  to  operate  on  o  straight 
time  basis  ond  also  on  o  per  radar  scan  basis.  This  feature  enabled  the  recording 
cycle  to  be  in  synchronism  with  the  radar  set  associated  with  the  Data  Recorder. 

Reliability  and  maintainability  Is  presented,  Indicating  the  necessity  of  these 
factors  being  on  important  port  of  the  design  criterion  of  all  phases  of  w  jrk.  In 
the  final  section  all  pheses  of  the  work  are  summarized  with  a  conclusion  ond 
recommendations  of  improvements  and  needed  additional  equipments  reviewed. 
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KO  INTRODUCTION 


The  puipose  of  fhis  report  is  to  provide  a  techr.icol  review  of  the  system 
desigt)  and  a  brief  description  of  operation.  A  detailed  description  of  the  opera¬ 
tion  can  be  found  in  the  Instruction  Manuals.  This  report  has  been  divided  into 
sections  and  each  section  is  then  divided  into  three  major  subsections.  Three 
subsections  were  chosen  because  there  were  three  tnojor  phases  to  the  contract, 
namely, 

1)  Airbcrne  System, 

2)  Radar  Display  System,  and 

3)  Modification  to  Automatic  Monitoring  ond  Data  Processing 

Systems  (AMDPS) 

A  general  approach  is  presented  which  discusses  the  function  of  the  three 
systems  and  o  brief  description  of  the  major  components.  Physical  descriptions, 
with  illustrations,  os  well  os  general  operating  methods  are  available  in  this 
section. 


General  design  philosophy  and  the  factors  affecting  it  are  discussed  In 
the  section  on  the  design  approach.  Mechanical  and  electrical  design  considera¬ 
tions  ore  presented  and  are  supplemented  with  photographs  of  the  equipment. 

Design  and  operating  difficulties  that  were  encountered  and  how  these 
difficulties  were  eliminated  ore  included.  Some  theory  of  operation  U  available 
here,  i'.owever,  only  that  circuitry  which  is  necessary  for  explanation  of  design 
changes  or  difficulties  is  available  since  a  detoiled  presentation  is  included  In 
the  Instruction  Manuals. 

The  section  on  Reliability  will  summarize  the  reliability  program  accom¬ 
plished  during  the  work  period,  and  there  is  a  brief  section  on  maintainability. 

The  information  and  results  obtained  from  the  above  are  summarized  and 
conclusions  are  rrrade  regarding  overall  system  operation,  oreas  that  need  improving, 
and  future  capabilities  of  the  equipment.  Recommendations  are  contained  which 
point  out  additions  or  olterotions  ‘'.at  should  be  considered  for  bettor  operation  and 
increased  capabilities. 

A  brief  description  and  function  of  the  equipment  provided  by  this  contract 
is  included  in  Table  I. 


I 


TADLC  1 


ECUIPMENT  DESCRIPTION 


A.  Airborne  Systetri 


Unit 

Quantity 

1  Description 

Transmitter-Modulator 

1 

Converts  PWM  Time  Code  to 
Frequency  Shift  Time  Code  and 
Modulotes  a  Ground  Transmitter. 

Airborne  Timi;  Decoder 

! 

\ 

2 

Accepts  Frequency  Shift  Time 

Code,  or  Operates  os  Time  Gen¬ 
erator  in  absence  of  Frequency 

Shift  Time  Code,  and  provides 
parallel  BCD  and  parallel  Decimal 
Time  Outputs. 

1  Airborne  Rodldial 

2 

Presents  Time  in  Six  Decimal 

Digits  (Nixies)  suitable  for 
Photography 

B.  kudor  Display  System 

, 

Pick-Off  Unit 

} 

i 

\ 

) 

\ 

1 

Accepts  Parol  lei  BCD  Range  and 
Azimuth  information  and  transmits 
range  and  azimuth  Informotlon  In 
tsCD  Serial  Tone  Bursts  on  Land 

Lines. 

1  Control  Unit 

6 

C.-nverts  serial  Tone  Bursts  Into 
parol lel  BCD  information  for  Display 
by  Remote  Visual  Irxiicators  (Nixies). 

Decimal  Readout  Unit 

14 

Presents  Range  and  Azimuth  of 
one  Radar  Target  in  Six  Decimal 

Digits  (Nixies)  suitable  for  photo- 

TABLE  1  (continued) 


C.  AMDPS  Modification 

Modified  AMDPS  Data  Recorder 

6 

Accepts:  Parallel  BCD  Time 
information,  parallel  BCD  informa¬ 
tion  from  five  Blip/Scan  Switch- 
boxes,  parallel  BCD  information 
from  five  Jamming  Effectiveness 
Switchboxes,  and  fifteen  Analog 
Voltages  for  BCD  recording  on  a 
perforated  paper  tape  formated  for 
a  Datatron  205  Computer.  Capa¬ 
bilities  are  provided  for  the  ouoition 
of  the  two  groups  of  Parallel  BCD 

Data  for  recording  on  the  perforated 
tape.  Recording  con  be  commanded 
every  2  seconds  or  greater  on  o 
per  scan  rotation  of  a  control  PPI 

Scope, 

Modified  AMDPS  Data  Recorder 

1 

Accepts  parallel  BCD  Time  infor¬ 
mation  from  five  Illp/Scan  Switch¬ 
boxes,  parallel  BCD  information 
from  five  Jamming  Effectiverress 
Switchboxes,  and  eleven  Analog 
Voltages  for  BCD  recording  on  o 
perforated  paper  tope  formated  for 
a  Datatron  205  Computer.  Recording 
can  be  commanded,  on  a  per  scon 
cycle  of  0  control  PPI  Scope,  every 

1 . 4  seconds  or  greater. 

Blip/Scan  Switchboxes 

10 

Converts  four  station  manual 
information  to  BCD  information  for 
recording  by  Modified  AMDPS 

Data  Recorders  . 

Jamming  Effectiveness 
Switchboxes 

10 

Converts  six  station  manual 

Information  for  recording  by 

Modified  AMDPS  Data  Recorders 

3 


2.0  DISCUSSION 


2.1  C^nenl 


This  section  is  intended  to  provide  o  general  insight  to  the 
purpose  and  description  of  th;;  various  systems  before  the  detailed  system 
description,  operation,  and  difficulties  encountered  during  checkout  and 
installation  are  presented. 

A  brief  description  of  the  various  types  of  equipment  installed 
throughout  the  Verona  Site  will  be  presented  in  this  section.  The  Airborne 
System  is  discussed  in  Section  2. 1 . 1 ,  the  Radar  Display  System  is  discussed 
in  Section  2.1.2,  and  the  modifications  to  the  AMDPS  Data  Recorder  are 
discussed  in  Section  2.  1.3. 

2.  I .  I  Airborne  System 

2. 1.1. 1  Transmitter  Modulotor 


The  transmitter  modulotor  is  a  PW^\/FM 

Converter.  A  serial  pulse  width  modulated  (I’WM)  time  code  from  the  Rodiclock 
of  the  Time  Signal  Set  AN/USQ-23(V)  is  the  input  to  the  Transmitter  Modulator. 

The  PWM  code  is  converted  to  a  frequency  shift  sigrial.  The  frequency  shift  signal 
at  the  output  nf  the  Transmitter  Modulator  is  from  o  low  output  impedance  amplifier. 
An  output  uinplitude  control  is  included  to  vary  the  omplitudc  to  compensate  for 
differences  of  transmitters.  The  power  for  the  Transmitter  Mort-.lator  is  supplied 
by  the  Radiclock. 


The  front  and  rear  views  of  the  Transmitter 
Modulator  are  shown  in  Figures  land  2.  Figure  3  •'  on  interior  view. 

The  Transmitter  Modulator  Is  mounted  on  o 
%tondard  panel  that  may  be  mounted  in  o  standard  reioy  rock. 

2. 1 . 1 .2  Airborne  Time  Decoder 


The  frequency  shift  time  code  from  the 

Transmitter  Modulator  is  used  to  modulate  a  ground  station  trcirumitter.  The  out¬ 
put  of  the  transmitter  is  detected  by  an  airborne  receiver.  The  output  of  the 
receiver,  which  is  identical  to  the  output  of  the  Tronsmitter  Modulator,  is  connected 
to  the  Airborne  Time  Decoder. 


The  serial  frequency  shift  time  code  signal  is 
converted  to  a  parallel  decifr;.il  and  parallel  BCD  output  in  the  Airborne  Time 
Decoder.  The  frequency  shift  time  signal  is  converted  to  a  PWM  time  code  by  a 
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discriminofor.  The  PWM  >ime  code  Is  stored  in  a  shift  register  and  when  each  code 
is  collected,  the  code  is  transferred  te  a  storage  register.  Ttiw  output  of  the 
storage  register  is  in  parallel  BCD  form,  one  output  of  the  storage  register  Is 
available  at  the  unit  connector.  The  other  output  is  motrixed  from  the  storage 
register  in  Nixie  drivers  to  result  in  o  parallel  decimal  form. 

The  Airborne  Time  Decoder  in  addition  to 
being  used  as  slave  to  the  transmitted  time  code  con  be  used  as  o  clock.  Circuitry 
is  included  to  recognize  the  absence  of  on  input  time  signal  or  on  erroneous  input 
time  signal.  When  these  conditions  are  recognized,  the  Airborne  Time  Decoder  Is 
automatically  switched  from  the  slave  mode  of  operation  to  the  clock  mode  of 
operation.  The  clock  mode  of  operotion  is  controlled  by  o  crystal  oscillator  to 
an  accuracy  of  0.01%.  Time  set  switches  ore  included  to  set  initial  time  into  the 
Airborne  Time  Decoder  in  obsence  of  transmitted  time. 


'2S8I2 


Hauir  ?.  TiuiiMiiIllei  \\odulotw  -  Front  View 
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^13 


Figure  2.  Tronsmitfcr  Modulotor  -  Rear  View 
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A  fronf  and  rear  view  are  shown  in  Figures 
4  end  5.  Figure  6  illustrates  the  unique  construction  features  utilizing  plug-in 
modules  on  metal  swingout  cards  for  ease  of  maintenance. 

The  Airborne  Time  Decoder  is  housed  in  o 
cabinet  designed  to  be  mounted  on  a  stondard  size  shock  mount  base.  The  cabinet 
fias  been  constructed  to  minimize  RF  interference.  This  is  accomplished  by  welding 
all  [oints  and  placing  silver-ploted  finger  stock  around  the  cover. 

Controls  are  placed  in  such  a  way  os  to  convey 
the  most  likely  sequence  of  usage  to  the  operator.  They  arc  clearly  labeled  and 
in  some  cases  illuminated  for  optimum  visual  operator  cues. 

2. 1 . 1.3  Airborne  Radidiol 


The  Rodidial  is  a  visual  indicator  used  to 
display  the  time  of  day  in  hours,  minutes  and  seconds.  The  necessary  voltages 
to  operate  the  Nixie  indicator  tubes  are  obtained  from  the  Nfxie  drivers  located 
in  the  Airborne  Time  Decoder.  The  displayed  time  has  a  resolution  of  one  second. 

The  Radidiol  mounting  legs  ore  ottoched  by 
rubber  sleeves  for  purposes  of  shock  ortd  vlbrotion  isolation.  The  Nixie  tubes  are 
also  supported  by  rubber  gaskets  to  Isolate  shock  and  vibration  effects.  The  unit 
is  approximately  2  inches  high  by  10  inches  wide  by  4  inches  deep  ond  weighs 
three  pounds.  A  photograph  of  this  unit  is  shown  in  Figure  7. 

2.1.2  Radar  Disploy  System 

2. 1.2.1  Pick-Off  Unit 


The  Pick-Off  Unit  is  o  converter  ond  code 
transmitter.  Parallel  BCD  range  and  azimuth  iniurmotion  from  the  fASO-IA  oikI 
MOD-III  radar  is  fed  into  the  Pick-Off  Unit.  This  informotion  is  in  yards  ortd 
cuunis  of  degrees  v/here  72.000  counts  represents  360*.  This  rodor  information  is 
converted  to  nautical  miles  and  degrees  and  is  transmitted  serially  by  lend  line  In 
BCD  tone  bursts  of  14.5KC  and  12KC.  The  MSQ-IA  rodor  Information  Is  at  14.5KC 
and  the  MOD-III  information  is  at  '12KC.  The  output  code  Is  shown  in  Figure  42. 
The  code  translation  is  accurate  to  within  one  mile  of  ronge  and  one  degree  of 
azimuth. 


A  front  view  of  the  Pick-Off  Unit  Is  shown  in 
riguie  0.  Figuies  ?  utid  10  ure  a  reur  and  interior  view  of  llie  Pick-Off  Unit. 
Swingout  cards  similar  to  the  cords  used  in  the  Airborne  Time  Decoder  ore  used. 
Plug-in  modules  mounted  on  the  swingout  cords  afford  ease  in  rrraintenonce.  Four 
swingout  cords  contain  modules  and  one  swingout  cord  contoins  the  modulator, ond 
oscillator. 
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'  ik 

'25115 

Figure  4.  Airborne  Time  Decoder  -  Front  View 
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6,  Airborne  Decoder  -  One  Cord  Extended 
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Figure  10,  Pickoff  Unit  -  Interior  View 
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The  Pick-Off  Unlf  is  housed  in  a  cobinet 

designed  for  either  table  top  or  rack  mounting.  However,  rock  mounting  requires 
brackets  and  slides  which  are  not  provided.  The  cabinet  is  8  1/2  x  10  x  32  inches 
and  weighs  approximately  54  pounds.  The  cabinet  has  been  constructed  to  minimize 
RF  interference.  This  is  accomplished  by  placing  silver-plated  finger  stock  around 
the  cover,  welding  all  joints  and  by  providing  a  double  front  panel. 

2.  1.2.2  Control  Unit 


The  Control  Unit  serves  os  a  demodulator  and 
converter  for  the  output  of  the  Pick-Off  Unit.  The  serial  BCD  data  is  received  at 
a  control  unit  where  the  Information  is  demodulated  and  stored.  The  output  of  the 
Control  Unit  is  parallel  decimal  code  orsd  parallel  BCD  code.  The  parallel  decimal 
output  is  used  to  operate  remote  visual  indicotois.  The  Control  Unit  will  control  up 
to  ten  Decimal  Readout  Units. 


Physically,  the  Conrrol  Unit  is  identical  in  con¬ 
struction  to  the  Pick-Off  Unit  v/ith  the  exception  of  the  front  and  rear  panels,  as 
illustrated  in  Figures  1 1  and  12.  The  Coriiiut  Unit  has  six  twingout  cards  with 
plug-in  modules  mounted  on  the  cords. 

2. 1.2.3  Decimal  Readout  Unit 


The  Decimal  Readout  Unit  is  a  visual  indicator 
when  connected  to  a  control  unit  and  is  used  to  disploy  range  in  miles  and  azimuth 
in  degrees.  The  leadout  devices  are  Nixie  tubes.  The  unit  is  seen  in  Figure  13. 

2.1.3  AMDPS  Modificotion 

The  puipase  of  the  modifications  to  the  AMDPS  Recorder 
is  to  enable  the  Recorder  to  use  recording  time  tn  greater  advantage.  This  was 
accomplished  by  recording  data  at  the  maximum  punch  rate.  Prior  to  modification 
only  40  percent  of  the  total  recording  capability  on  the  output  paper  tape  was 
being  utilized.  A  second  modification  was  on  improved  Blip/Scan  switchbox 
and  Jamming  Effectiveness  switchbox.  The  third  modification  was  the  addition  of  the 
"per  radar  scan"  recording  mode. 

Mechanical  modifications  contributed  o  great  port  to 
the  overall  modifications  and  photographs  ore  included  which  illustrate  the  condition 
of  the  recorder  before  and  after  the  additions  were  provided,  see  Figure  14  through 
Figure  33. 


Changes  to  the  electronics  and  electricol  circuitry  of 
the  recorder  were  designed  so  that  existing  circuitry  was  utilized  to  the  greatest 
advantage,  in  order  to  minimize  the  amount  of  rewiring.  Where  existing  circuitry 
could  not  be  used,  new  circuit  replacements  hove  been  substituted. 
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Fi3urc'l2,  Control  Unit  -  Rear  View 
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Figure  14.  Ah/OK  Dote  Itocorder  -  Top  View  (PRE-MOD) 


Ai  a  result  of  those  rriodificutiocs,  i!ie  following 
capabilities  have  been  added  to  the  modified  AMDPS  Dcte  Recorders  located 
as  shown  in  Figure  34. 

2.1.3.)  Recording  of  Time 

Verono  Range  time  from  a  Rodltrond, 

AN/USQ-23(V),  Is  now  recorded  on  the  output  tape.  The  old  method  was  the 
stamping  ot  time  on  the  tope  with  c  time  clock.  This  meant  all  the  recorders  hod 
an  independent  time  bose.  With  this  modification,  all  recorders  now  record  a 
synchronized  time  code. 


2. 1.3.2  Datatron  205  Word 


Two  parometers  or'*  now  contained  in  each 
Datatron  205  word.  This  modification  doubled  the  a.'iiaunt  of  data  recorded  in 
each  word.  The  original  method  had  only  one  parameter  recorded  In  each 
datatron  word. 


2. 1.3.3  Anaing  nnd  Digitol  Inputs 

Capability  of  recording  both  digitized  analog 
inputs  and  digital  Inputs  on  the  output  tape  was  added.  The  AMDPS  recorded 
only  digitized  analog  inputs  prior  to  this  modification. 

2. 1.3.4  Punch  Selection 


All  operational  parameters  and  maintenance 
parameters  are  now  recorded  on  one  tape  ond  either  of  two  punches  may  be  selected. 
The  previous  method  utilized  one  punch  .'jr  operational  parameters  and  the  second 
punch  for  the  mointcnance  parameters. 

2. 1 .3.5  Scon 

The  AMDPS  will  now  operate  in  one  of  two 
selected  modes  One  !«  o  scan  bosis,  where  one  complete  recording  cycle  on  the 
output  tape  represents  one  complete  rotation  of  the  antenno  associated  with  the 
radar  being  monitored  by  the  At ‘DPS.  A  second  operating  mode  Is  o  straight  time 
basis  with  the  output  tape  operating  every  two  seconds  or  on  even  multiple  of 
two  seconds.  The  previous  method  did  not  provide  for  operation  on  o  per  scon  basis 
or  0  recording  cycle  other  than  one  second. 

2. 1.3.6  Blip/Scon  and  Jamming  effectiveness  Switchboxes 

The  old  switchboxes  have  been  replaced  by  new 
switchboxes  that  incorporate  features  not  available  in  the  former  switchboxes.  Only 
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gure  16. 


AMDPS  Data  Recorder  -  Top  View,  Interior  (PRE-MOD) 
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Fipure  17.  AMOPS  Doto  Rtcordar  -  Top  Vlow,  Intorlof  (MOD) 
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FiguralS.  AMOfS  Data  Rscoidar  -  Connaclar  Layout  (MOD) 
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Figure  19.  AMDPS  Doto  Recorder  -  Dofo  Recorder  Ponel 
Front  View  (PRE-MOO) 
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Figure  20.  AMOPS  Data  Recorder  -  Data  Recorder  Panel 
Front  View  (MO^) 
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Figu>«  23.  AMDPS  Doto  Recorder  -  Data  Recorder  Ponel 
Detailed  Layout  (MOD) 
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Figure  25.  AMDPS  Dota  Recorder  -  Internal  View  (MOD) 
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Figure  27.  AMDFS  Data  Recorder  -  Feedttweugh  Cqpaciton  (MOD) 
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Figure  28.  AMC'PS  Do.'a  Recorder  -  Reor  Door  (PRE-MOO) 
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Figure  29,  AMDP3  Data  Recorder  -  Ruor  Door  (MOD) 
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Figure  30.  AMOK  Doto  Recorder  -  Rear  Door,  Oetoil  (PRE-MOD) 
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Figure  31.  AMOPS  Dota  Recorder  -  Rear  Door,  Detail  (MOD) 
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Finure  32.  AMDPS  Data  Recorder  -  Module  Layout,  Supplemental 
Chostis  (MOD) 
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Figure  33.  AMOPb  Ucfo  Kecorder  -  Lower  Keor  Door  (MOO) 
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Figure  34.  AMified  AAAOPS,  Verona  Si>e  -  Cable  Runs 
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Figure  35.  Blip/Scan  SwUchbox  -  Three  Quarter  View  (MOD) 
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Figure  36.  Jamming  Effrctlve<ie;i  Switchbox  -  Three  Quarter 
View  (MOO) 
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one  butfon  con  be  deprersed  at  any  one  time,  and  this  button  cunnot  be  released 
by  the  operator.  The  depressed  button  will  be  released  automatically  ofler  the 
information  has  been  recorded  by  the  AMDPS.  This  method  has  also  made  possible 
the  distinction  between  a  zero  data  condition  and  c  NO  data  condition,  see 
Figures  35  and  36. 

2.2  Dosign  Approoch 

2.2. 1  Airborne  System 

The  Airborne  Time  System,  see  Block  Diagram  37  is 
ati  f'xtens'cn  of  the  Time  Signal  Set  AN/USQ-23(V).  As  previously  explained, 
the  purpose  of  the  system  is  to  visually  display  the  time  code  generated  frem 
the  Radiclock  of  Time  Signal  Set  AN/USG-23(V).  The  system  also  provides  o 
parallel  BCD  output  at  the  Airborne  Time  Decoder. 

In  the  design  of  the  system,  the  transmission  ut  the  ritue 
information  over  u  standard  radio  link  was  the  area  of  main  concern.  Development 
of  tiic  Airborne  Units  for  aircraft  environment  was  also  dependent  on  ruggedized 

construe  t  i  on  • 

Radio  transmission  is  plagued  with  many  types  of  Inter¬ 
ference.  The  fault  could  be  with  the  transmitter  or  the  receiver,  or  any  atmospheric 
dlsturhonce.  To  minimize  the  possibility  of  introducing  error  into  the  system 
before  the  transmitter  or  after  the  receiver,  o  frequency  shift  keying  system  was 
used.  Frequency  shift  modulating  the  transmitter  was  used  over  the  method  of 
modulating  the  tronsmitter  directly  with  an  ON/OFF  tone  burst  cede  from  the  Time 
Signal  Set  because  the  immunity  of  the  time  signol  to  noise  is  better  with  frequency 
shift  key  modulation  than  with  ON/OFF  tone  burst  modulation.  Only  the  pre¬ 
transmitted  and  post  received  signals  are  being  considered.  The  radio  link  was 
fixed  and  at  the  time  of  equipment  design,  a  minimum  of  effort  wos  spent  In  radio 
transmission  problems.  The  contract  stoted  that  the  Air  Force  would  supply  the 
radio  link.  Immunity  to  noise  at  the  ou^’*  it  is  extremely  importont  due  to  the 
high  interference  noise  level  sometimes  present  oround  the  particular  receivers 
used  for  the  time  infoiniation  radio  link, 

A  survey  of  oil  the  available  methods  of  modulotion 
pointed  to  the  use  of  the  frequency  shift  key  modulotion.  A  3  to  5db  gain  in 
noise  immunity  is  realized  with  use  of  frequency  shift  key  modulation  over  standard 
AM  modulation.  The  mnthemotico!  proof  is  beyond  the  scope  of  this  report.  The 
following  references  will  help  in  arriving  at  the  Iiiipiuved  noise  immunity  figure;* 

With  »he  use  of  the  frequency  shift  key  modulation,  oscillatnr 
stability  becomes  important.  The  input  filter  to  the  Airborne  Time  Decoder  has  a 
pass  band  of  300  cps.  The  bond  poss  or  the  filler  is  kept  os  narrow  as  possible  to 
provide  niuximum  rejection  of  noise  outside  the  desired  frequency  band.  To  keep  the 

*  Wier,  J.M.  Digital  Data  Ccmmunication  Techniques,  Proceedings  of  the 
IRE,  Januory  1961,  Hund,  A.  Frequency  McxJulation,  Chapter  I,  Section  B , 
Middleton,  D.  Statistical  Communication  Theory  Chapter  15,  Section  5  -  7. 
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band  v/idtl)  in  the  Airborne  Tiino  Deco.lcr  di. eliminator  nano*,  tlio  frequency 
shift  oscillator  must  be  stable.  An  LC  oscilfcior  was  used  as  the  frequency  shift 
oscillator.  Oscillator  stability  is  obtained  by  matching  the-  change  in  Inductance 
of  the  toriodal  inductor  with  temperature  by  using  copacitor  which  changes  with 
temperatuie  in  the  opposite  direction.  Polysterene  capacitors  exhibit  the  correct 
characteristics  for  compensating  the  change  in  Inductance  of  toriods  with  tempera¬ 
ture.  The  results  of  temperature  tests  of  the  frequency  shift  osci  Motor  used  i.n  the 
Transmitter  Modulator  arc  seen  in  Figures  38  and  39. 

It  has  already  been  explained  that  the  Airborne  Time 
Decoder  hes  two  modes  of  operation;  the  slave  mode  where  the  incoming  time  signal 
is  decoded  and  stored  and  the  clock  mode.  Even  with  precautions  taken  to  select 
the  best  method  of  data  transmission,  link  malfunction  or  range  limitations  due  to 
distance  or  line  of  sight  could  cause  false  or  no  time  Information.  There  ore 
several  methods  which  could  be  used  to  recognize  a  false  code  or  lack  of  code, 
and  then  cause  the  Airborne  Time  Decoder  to  reject  the  fnUe  code  ond  switch  from 
a  passive  storage  unit  to  an  active  time  generator.  To  make  the  recognition 
circuitry  fool-proof,  the  Airborne  Time  Decoder  would  require  o  considerable 
addition  of  circuitry  with  some  complication.  Since  complexity  and  odditional 
circuitry  decreases  reliability  a  compromise  was  mode  to  minimize  circuit  additions. 
The  required  ability  to  recognize  most  false  codes  or  no-time  Information  at  the 
Airborne  Time  Decoder  has  been  retained.  The  time  code  format  will  be  reviewed 
to  determine  a  method  for  recognizing  false  codes  and  no  code.  The  video  code 
after  the  discriminator  In  tl.c  Airborne  Time  Decoder  is  seen  in  Figure  40  os 
Iwenly-une  Jiyils.  The  sync  digit  Is  32  milliseconds  in  duration;  the  "Yes"  digits 
are  16  milliseconds  in  duration  and  the  "No"  digits  ore  8  milliseconds  in  duration. 

The  "Yes"  and  "No"  digits  do  not  remain  in  the  same  time  relationship,  from 
code  to  code,  but  the  sync  digit  is  always  the  first  digit  in  each  code,  The  pulse 
width  of  the  sync  bit  is  one  unique  characteristic,  ond  the  21  code  digits  are  a 
second  unique  condition.  The  two  fixed  parameters  of  the  time  code  will  be  used 
to  recognize  the  absence  of  code  signal  ond  false  codes.  The  twenty-one  code 
digits  are  counted  and  the  sync  pulse  width  is  rcc'  jnized.  If  any  of  the  code 
digits  ore  missing,  or  there  are  greater  than  21  code  digits  between  sync  digits, 
the  code  entced  in  the  input  shift  register  is  not  transferred  to  the  output  storage 
register,  and  a  crystal  controlled  clock  pulse  is  used  to  progress  the  storoge  register. 
The  storage  register  is  connected  os  a  BCD  rime  of  day  counter.  If  no  sync  pulse 
is  recognized  1.066  seconds  after  the  previous  recognized  sync  pulse,  no  data  is 
transferred  from  the  inpul  shift  icgister  to  the  storage  register  and  a  crystal  controlled 
clock  pulse  is  used  to  progress  the  lest  good  time  code  at  a  one  second  rate.  The 
logic  for  false  code  recognition  is  seen  in  .  igure  41.  As  previously  mentioned,  the 
Airborne  Time  Decoder  was  ruggedized  for  aircraft  environment.  Beside  on  aircraft 
environment,  the  Airborne  Time  Decoder  will  be  subjected  to  high  levels  of  audio 
and  RF  interference.  The  Airborne  Time  Decod. ?r  is  mounted  on  o  standard  shock 
mount  base.  The  plug-in  modules  ore  held  in  ploce  by  covers.  The  covers  ore 
ottoched  to  each  swingout  cord.  The  enclosure  is  welded  to  minimize  RF  Interference. 
The  cover  of  the  Airborne  Time  Decoder  Is  hinged  and  fits  into  a  recessed  well. 
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Figure  38.  Plot  of  Frequency  v»  Time  for  Frequency  Shift 
Oscillator  at  -I0*C 
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Figure  ilV.  Plot  of  Frequency  vi  Time  for  Frequency  Shift 
Oscillator  at  +55*C 
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Figure  40.  Video  Time  Code  Forma  r 


Silver-plolud  Tirigcr  stock  is  attached  to  the  cover  to  match  the  mating  parts  of  the 
enclosure  for  RF  interference  control. 

One  output  of  the  Airborne  Time  Decoder  is  a  decimal 
output  used  to  control  Nixie  readout  tubes.  The  other  output  is  the  parallel  BCD 
time  code.  The  readout  unit.  Airborne  Radidiol,  is  a  ruggedized  version  of  the 
Rodidiol  used  with  Time  Signal  Set  AN/USQ-23(V). 

A  brief  summary  of  factors  influencing  the  design  of  the 
Airborne  Time  Display  System  will  be  given.  The  selection  of  the  frequency  shift 
key  modulation  of  the  transmitter,  to  improve  noise  immunity,  set  frequency 
stability  requirements  for  the  frequency  shift  oscillator  in  the  Transmitter  Modulator. 
Bemuse  radio  transmission  is  nor  100%  relioble,  recognition  of  wrong  or  no  incoming 
time  codes  at  the  Airborne  Time  Decoder  is  necessary.  Because  the  Airborne  Time 
Decoder  and  Airborne  Rodidiol  are  subject  to  aircraft  environment,  both  units 
ere  ruggedized  with  respect  to  shock,  vibration,  temperature,  and  RF  interference. 

2.2.2  Rodor  Display  System 

2. 2. 2.1  Pick-Off  Unit 

The  purpose  of  the  Pick-Off  Unit  is  to  receive 
radar  range  and  azimuth  information  and  to  convert  and  transmit  this  information 
to  various  locations. 

The  ronA«  and  ozimuth  information  exists 
In  mechanical  and  electrical  form  In  the  .i»  vo  system  of  the  radar.  It  would, 
therefore,  be  possible  to  ottach  code  wFir,;>ls  to  the  servo  system  of  the  radar 
or  to  potullel  the  electrical  output  of  tf-e  servo  system  with  sufficient  buffering 
to  obtain  the  desired  radar  information,  '..e  radar  information  is  also  available 
in  the  Track  Radar  Evaluator  In  BCD  form.  It  was  decided  to  pick  the  rodor  Infor- 
matiu.1  from  ‘he  Track  Rodar  Evaluator.  This  declslo'  ■  wos  made  since  pirking  the 
information  from  the  Track  Rodor  Evaluator  would  be  the  least  expensive  method. 

The  two  main  disadvontages  ore  that  the  Track  Evaluator  must  bo  turned  on  end 
operating  properly  for  the  Pick-Off  Unit  to  function.  The  contracting  authorities 
and  Radiation  Inmrporared  felt  fhot  the  saving?  in  cost  wos  the  determining  factor 
in  the  method  of  pick-off. 

The  rodor  information  transmission  mothwd 

is  the  same  as  that  used  by  the  Radiclodk  of  Time  Signol  Set  AN/USQ-23(V).  See 
Figure  42,  Pick-off  Unit  Code  Format.  This  decision  wos  mode  for  the  following 
reasons: 

I .  •  .te  PWM  tone  bunt  code  has  proven  successful  in 
the  Time  Signal  Set  AN/USQ-23(V). 
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2.  The  necessaiy  co'oxial  lend  line  for  code  transmission 
already  existed. 

3.  The  lend  line  has  sufficient  bandv'idth  to  allow 
several  more  carrier  frequencies. 

Carriers  of  14.5KC  and  12KC  were  chosen 
for  the  MSQ-1A  and  MOD  III  radar:,  respectively. 

The  Pick-Off  Unit  has  a  self-contained 

proven  power  supply,  illustrated  in  Figure  43.  The  power  supply  is  short-circuit 
and  overload  protected.  Both  the  +10  and  -10  volts  can  be  short-circuited  for 
prolonged  periods  of  time,  and  no  damage  to  the  power  supplies  will  result.  This 
^  deemed  to  be  a  very  desirable  maintenance  feature,  since  accidental  shorts  by 
maintenance  personnel  do  not  require  interruption  of  work  to  replace  fuses  or 
find  and  replace  damaged  components. 

The  digital  circuitry  is  mounted  on  swingout 
aluminum  boards.  The  circuit  modules  are  readily  occessible  when  trouble-shooting 
is  required.  All  signal  and  pov/er  points  are  available  at  the  module  socket. 

Tho  only  major  troubles  encountered  in  design 
and  operational  checkout  of  the  Pick-Off  Unit  were  problems  involving  the 
Interface  of  the  Pick-Off  Unit  with  the  Track  Radar  Evaluator.  The  first  problem 
involved  timing  between  the  Pick-Off  Unit  and  the  Track  Radar  Evaluator.  Due 
to  insufficient  detail  concerning  the  timing  of  the  Track  Rodor  E'  oluator,  the 
internal  timing  pulses  in  tho  Pick-Off  Unit  used  to  enable  the  input  gates  were 
not  correct,  and  the  data  gated  into  the  Pick-Off  Unit  wos  not  the  desired  Informo- 
tion.  To  correct  for  the  misniotch  in  timing,  a  few  minor  changes  were  made  in  the 
timing  electronics  of  the  Pick-Off  Unit. 

Tho  other  difticulty  citcuuntuied  wu>  ulsu  u 
timing  problem.  The  Trcck  Radar  Evoluotor  is  mechanicolly  driven  by  o  synchronous 
Miotor.  Ailuched  to  the  housing  of  the  synchronous  motor  and  operated  by  o  com 
on  the  shaft  of  the  motor  is  a  set  of  contacts  that  derive  the  basic  time  standard 
of  the  Track  Radar  Evaluator  ond  the  Pick-Off  Unit.  Since  this  method  of  timing 
is  mechanical,  the  disadvantages  of  mechanical  timing  ore  present.  One  dis“ 
advontoge  is  thnt  the  contacts  become  pitted  or  uneven  and  generate  spurious  or 
false  timing  marks.  These  false  timing  marks  created  on  improper  timing  sequence 
in  the  Pick-Off  Unit  which  resulted  in  erroneous  operation.  To  eliminate  the  foltc 
or  spurious  time  marks,  the  contacts  were  cleaned  several  times.  This  Is  by  no 
means  a  permanent  solution.  At  the  time  of  instollotion  the  maintenance  personnel 
at  Verona  were  replacing  the  timing  contacts  with  o  reference  generotor  to  be 
driven  by  the  synchronous  motor.  The  reference  generator  Is  a  good  solution  and 
should  eliminate  all  spurious  or  false  time  marks  that  ore  due  to  the  timing  contacts. 
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Figure  42.  Code  Fomot  -  PickofF  Unit 


?.?.2.2  Control  Unit 


The  Control  Un’i,  Figure  11  is  designed 

to  use  standard  digital  circuit  modules.  The  function  of  this  unit  is  to  demodulate 
and  recognize  the  serial  radar  code  tronsmitted  over  the  land  line  by  the  Pick-Off 
Unit.  Vi/hcn  the  radar  code  is  recognized,  the  radar  range  and  azimuth  is  stored 
for  one  second  for  visual  display  by  the  Decimal  Readout  Units.  A  relay  and 
two  band-pass  filters  on  the  front  end  of  the  control  unit  determines  which  radar 
dato  is  rt;(,eived.  The  relay  is  controlled  by  on  external  switch  (Radar  Selector 
Switch).  Figure  44.  One  filter  is  14.5KC  and  the  other  is  12KC  for  MSC^-IA 
and  MOD  ill  rador  Information,  respectively. 

The  Control  Unit  has  a  self-contained  power 
supply  identical  to  the  power  supply  In  the  Pick-Off  Unit  with  the  exception  of 
on  additional  200  volt  and  50  volt  power  supply.  The  200  volt  and  50  volt  power 
supply  are  used  for  the  Nixie  drivers  end  Nixie  tubes. 

The  majority  of  the  circuitry  is  mounted  on 
swingout  aluminum  boards.  The  circuit  modules  ore  readily  accessible  when 
trouble  shooting  is  required.  All  signol  and  power  points  are  available  at  the 
riiudulc  sockets. 


The  Control  Unit  con  be  used  to  supply  signal 
and  power  to  a  maximum  of  ten  Decimal  Readout  Units.  Parallel  BCD  signals 
which  represent  the  rador  ronge  and  ozimuth  are  also  available  as  on  output.  This 
output  moy  be  used  to  drive  osciilogrophic  recorders,  etc. 

No  particular  problem  was  encountered  in  the 
design,  construction  or  installation  of  the  Control  Unit.  Since  the  Time  Signal 
Set  AN/USQ-23(V)  is  similar  in  nature  oost  j.roblenrs  were  foreseen  and  con¬ 
sidered  in  advance. 


2.2.2. 3  Decimal  Reodout  Unit 


The  Decimal  Readout  Unit  is  a  visual,  remote 
display  unit.  It  consists  of  a  chossis  fnr  six  nixie  tubes  and  two  indicator  lamps, 
Figure  13.  The  Nixie  tubes  ure  operated  by  control  signals  and  power  from  the 
Control  Unit.  The  Nixie  tubes  ''Splay  the  radar  range  and  azimuth  and  the 
indicator  lamps  indicate  the  radar  from  which  data  is  being  displayed. 

2.2.3  AMDPS  Modificotion 

The  design  philosophy  utilized  in  the  AMDPS  Modifications 
wos  chiefly  determined  by  four  factors;  space,  cost,  maintenance,  and  field 
installation.  Final  decisions  were  iea<.hed  only  after  a  thorough  review  of  all 
hn.tnis  ond  after  logical  cumpromises  hod  been  determined. 


Sp  Jta  \/cis  lii,'  .ii.i  io  L  '  oo.'isi.I.ji'uJ.  Tlii.*  nccJ 

to  provide  additional  circuiiiy  io  [  n  n.  .  ■!.  ■  'J,:d  feoa.ies  sv  opp.  •iv.nt,  cind 

the  probiom  under  coiisideration  vn',  i-^  d  I  .-rnin  '  whether  ihir-  ac'.litional  circuitry 
should  be  mounted  in  another  unit  e/.l  in  . I  io  the  r /:Coi.Jor,  or  if  the  odJitiona! 
circuitry  could  be  contained  insid,;  :i.  ■  id-  •  .1  of  iiie  AMDPS  kccorder.  The 
result  was  additional  circuitry  moun  • '  ii.si'Je  tho  rccorJor  where  spoco  was 
available,  since  two  seperc.te  units  cciulJ  isily  h  ?  seperaied  and,  therefore, 
more  difficult  to  maintain.  AfiLi'  o  co:i.,/!eiu  study  of  available  space  inside  th.c 
recorder  was  considered,  it  wes  cl  .  that  some  ar'Jitional  circuitry  could 
utilize  space  vacated  by  tlm  exi  rinj  olicuiliy  ulirnin.^tcd  in  tlie  modification,- 
also,  cidditional  iiiounlIn(j  spoc.>  v.c.s  provided  by  c.  jupplenier.t  cliassls  mounted  on 
tho  bottom  of  the  door.  Sn-jco  for  conni.clorr  wos  found  on  fop  of  the  Recorder 
and  space  for  additional  RF  f^.  J-ilnough  capacitors  was  found  below  the  RF  Shield 
Panel. 

Module  foLrication  was  tho  next  problem  to  be  decided. 

A  small  module  featuring  low  pov/cr  requirements  and  low  cost,  led  to  tho 
decision  of  tho  throv/-av/ay  typo  of  encapsulated  module,  except  where  the  existing 
Vitro  modules  used  in  the  AMDPS  was  deemed  necessary  and  more  convenient.  Four 
different  types  of  modules  v.-.-re  sufficient  to  meet  the  requirements  needed  for  the 
additional  circuitry.  Those  circuits  are  discussed  in  dotoll  Inlhe  Instruction  Manual. 

Fabrication  of  v/irinq  harnesses  to  bo  used  inside  the  Daln 
Recordeis,  assembling  of  components,  and  soldering  of  RF  feed-through  capacitors 
and  connectors  were  accomfillshcd  at  the  Radiation  Incorporated  plant  to  minimize 
the  amount  of  field  installation  needed  at  the  Verona  Site. 

2,3  System  Description  and  Operatio  i 
2.3.1  Airborne  System 

This  .eclion  will  present  o  discussion  of  the  areas  of 
difficulty  encountered  in  the  dusicin,  fabrication,  checkout  end  installotions 
of  the  Airborne  System.  No  attempt  is  made  to  present  a  complelo  theory  of 
operation.  A  complete  theory  :vf  operation  is  give  in  tho  Instruction  Manual. 

|n  non._*!C!!,  th"  design,  fobricatlcn,  checkout  and  insfCjl- 
lation  of  the  Transmitter  Modulator,  fv/o  Airborne  Time  Decoders  ond  two  Airborne 
Radidiols  was  done  with  very  few  difficulties. 

The  ii-itoiiul  heui  yeneratea  In  the  Airhorne  lime  Decoder 
was  one  problem  v/hich  caused  some  trouble.  The  unit  is  sealed  tight  to  eliminate 
RF  interference.  The  unit  is  cuinpact  to  ke^-p  the  size  down  for  use  in  aircraft. 

The  circuitry  associated  with  the  pov/er  supply  regulotors  was  affected  by  tho 
internal  heat.  The  heat  In  thi<  nr.--ri  w/r.j  tk.:.  hi-hest  due  tc  the  po»<ui'  ii'rii-ufwnnei . 
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Figure  45.  Grounded  Emitfer  An^liner 
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It  is  seen  that  the  output  voltage  of  a  grounded  emitter 
amplifier,  see  Figure  45,  is  a  function  of  inpul  current  Ijj, 

Where  Vq  l,-R3 
Vq  =  'b^3  * 

If  Rj  and  R2  ore  picked  to  give  a  quiescent  bios  current 
of  100  microomps  then  the  output  voltage  is, 

Vq  =  +  50  X  100  X  10  ^  amps  x  Rj 

If  Vi  L  =  “10  volts  and  R^  “  1000  ohms  then, 

Vq  =  -10  volts  +5  volts 

Vg  =  -5  volts 

It  is  seen  that  if  1^  changes  by  -t  100  microomps,  the 
output  voltage  will  change  +  5  volts  when  the  temperature  is  25*C.  An  overage 
^bco  ^  ^  microamperes  at  25*C.  In  the  above  colculotion  l^bo 

not  been  accounted  for  because  at  25*C  l^co  ^  ^ 

microamps  out  of  100  microamps  is  a  small  percentage  error  and  con  be  neglected. 

At  55°C,  the  effect  of  1^^^  cannot  be  neglected  because  os  the  temperature 
increases  for  o  germanium  transistor  the  leakage  current  l^co  transistors 
increases.  A  rule  of  thumb  for  the  increascid  ibeo  temperoture  is  tlxit  for  a 
10°C  rise  in  temperature  above  2S"C,  the  doubles.  It  is  seen  that  if  o  germanium 
transistor  with  o  leakage  current  of  5  microomps  at  2S*C,  the  same  transistor  will 
have  a  leakage  current  1^^^  of  40  microomps  at  S5*C.  To  see  what  effect  temperoture 
will  have  in  the  circuit  operation,  the  following  example  will  be  given.  Some  basic 
equations  relating  base  current,  collector  current  and  emitter  current  will  be  given. 

A  simple  grounded  emitter  amplifier,  see  Figure  45  will  be  used. 

'=  ♦  'b  'bco  ’ 

-91b  =  'c 

Where  b  is  the  current  goin  of  the  transistor.  For  tbis 
case,  a  3N404  will  be  used  where  the  averoge  B  is  50.  tbco  microomps 
at  55”C.  This  is  an  appreciable  change  from  the  room  temperature  value,  and 
this  factor  must  be  considered,  in  nn  AC  amplifier,  the  moxit'ium  gain  is  reduced  by 
40  parts  or  about  40%  to  correct  for  the  quiescent  operating  voriation  when  the 
temperature  changes  from  25*C  to  55*C. 

In  the  initio!  design  of  the  Airborne  Time  Decoder, 
temperarure  rise  inside  the  Airborne  Time  Decoder  from  room  temperoture  was 
assumed  to  be  10®C.  For  01.  outside  fcr.iperoture  variation  of  1  25*C  from  an 
ambient  temperature  of  25®C,  the  maximum  internal  temperature  around  the  power 
supply  regulator  was  calculated  to  be  60*C.  All  circuitry  in  this  area  was  designed 
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to  operate  properly  at  60®C.  Unfortunately,  the  infernal  heat  rise  was  closer 
to  20  to  25“C.  With  an  outside  ambient  temperature  of  50*C,  the  internal  temperature 
was  70® C  to  75° C.  The  pov/er  transformer  heat  rise  /as  considerable  greater  than 
that  calculated  and  resulted  in  marginal  opeiation  of  circuitry  in  close  vicinity 
to  tfie  power  tronsformer.  Tho  infernal  temperature  in  other  areas  of  the  Airborne 
Time  Decoder  was  only  70°C  to  12°C  above  outside  ambient,  and  no  marginal 
operation  was  encountered.  The  circuitry  in  the  area  around  the  power  transformer 
was  redesigned  and  no  marginal  operation  wos  seen. 

Only  one  other  major  difficulty  occurred,  When  the 
output  of  0  radio  receiver  was  connected  to  input  of  the  Airborne  Time  Decoder, 
the  input  to  the  Airborne  Time  Decoder  was  saturated.  The  maximum  input  level 
was  designed  at  10  volts  peak  to  peak.  The  output  from  the  receiver  was  in  the 
order  of  80  volts  peak  to  peak.  An  input  attenuator  './as  added  to  corrcwi  ■!.!, 
difficulty.  A  vfirioble  attenuator  wes  used  to  accomodate  a  wide  range  of  input 
voltage  levels. 


2.3.2  Radar  Display  System 

A  complete  theory  of  operation  of  the  Rador  Display 
System  Is  contained  in  the  Instruction  Manual  and,  llierefore,  will  not  be 
presented  here,  A  brief  system  description  including  operation  and  installotion 
v/ill  be  discussed. 


Refer  Iw  Figure  46  for  a  block  diagram  of  the  Rodar  Doto 
Display  System.  Tho  M5Q-1A  end  MOD  III  radar  target  range  and  ozimuth  informa¬ 
tion  is  entered  into  the  Track  Rador  Evaluator  in  electrical  servo  form.  The  Trock 
Radar  Evaluator  converts  the  servo  information  into  BCD  information  in  which  the 
radar  rcinge  is  in  yards  and  the  rador  azimuth  is  in  counts  where  72,000  counts 
aie  equivalent  to  360®.  The  Pick-Off  L'n't,  sec  block  diagram,  Figure  47,  samples 
and  removes  the  ronge  rind  azimuth  and  converts  the  information  to  range  in 
nautical  miles  and  azimuth  in  degrees  This  is  accomplished  by  a  BCD  divider. 
Dividing  the  lange  in  yards  by  2,000  converts  the  ronge  to  nautical  miles  to  within 
one  mile  of  accuracy.  Dividing  azimuth  in  counts  by  20Q  converts  the  county  of 
azimuth  to  degrees  of  azimuth  to  within  1  degree.  The  di'vider  is  straight  forward 
and  no  probl»*m5  were  encountered  in  its  design.  After  division,  the  radar  Inform/ition 
is  sfor/'H  in  o  shift  register  and  sequenced  out  serially  to  modulate  a  carrier  oscillator. 
This  serial  code  is  then  transmittp't  to  control  units  via  the  land  line. 

The  carrier  osci Motor  chonges  frequency  from  14.5KC 
foi  mSQ-iA  information  to  i2KC  for  MUD  lit  information. 


The  Timer,  figure  48,  generates  all  timing  functions  such 
as  the  time  to  sample  tho  Radar  Track  Evaluaior  for  data,  the  timing  pulses  to 
chanqo  the  carrier  oscillator,  etc.  The  only  problem  encountered  during  check-out 
and  installation  of  the  Pick-Off  Unit  was  in  the  area  of  timing.  Due  to  Insufficient 
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knowledge  of  tlie  Track  Radar  Evaluator,  the  Timer  v/as  generating  impreoer 
timing  pulses  and,  thereby,  causing  the  Pick-Off  Unit  to  exiiact  data  other  then 
range  and  azimuth  infor.nation  from  the  Track  Radar  Evaluator.  After  the  improper 
timing  condition  v/as  found,  it  wos  a  simple  matter  to  isolote  and  remedy  the 
condition. 


2,3.2. 1  Control  Unit 


A  block  diagram  of  the  Control  Unit  is  seen  in 
Figure  49.  The  serial  BCD  radar  code  is  received  from  the  land  lino.  The  MSQ-IA 
and  MOD-III  radar  information  carrier  frequencies  are  separated  by  two  bond- 
pass  filters.  The  radar  data  to  be  displayed  is  then  selected  by  a  relay  which  Is 
operated  by  a  manually  controlled  sv;Itch  (Rodar  Selector  Switch)..  The  radar 
data  is  converted  from  serial  BCD  to  parallel  BCD  by  the  shift  register.  The  radar 
data  Is  then  transferred  to  a  storage  register  where  It  is  stored  for  o  period  o'  one 
second.  Connected  to  the  storage  register  are  Nixie  drivers  which  matrix  the  BCD 
code  to  decimal  decade  and  drive  Nixie  tubes  in  the  Decimal  Readout  Unit  to 
Indicate  visually  the  radar  range  and  azimuth. 

No  problems  were  encountered  in  the  design, 
fabrication  and  Installation  of  the  Control  Units. 

2.3.3  AMDPS  Modification 


A  complete  theory  of  operation  of  the  modified  AMDPS 
Data  Recorder  will  not  be  presented  here  since  this  Is  available  in  the  Instruction 
Manuals.  A  brief  dcscilption  of  the  system  operation,  Including  operating 
difficulties  encountered  during  fabrication,  check-out,  and  instollation  will  be 
discussed.  A  Functional  Block  Diagram  referring  to  the  system  operation  is  shown 
in  Figure  50. 


Figure  51  shows  the  papr  lape  format  which  is  one  of  the 
goals  of  the  modifications.  The  time  required  for  the  AMDPS  Data  Recorder  to 
process  and  record  the  information  shown  in  the  output  tope  formot  of  Figure  51 
Is  two  seconds.  The  first  step  towards  establishing  the  format  was  to  better  utilize 
the  nvoilable  recording  time. 

60  pps  is  the  basic  timing  lOlu  of  the  AMDPS  Data 
Recorder;  this  is  the  rate  at  which  the  punches  operate.  Since  60  pps  is  the  maximum 
paper  tape  punch  speed,  it  was  decided  tc  <peed  up  the  data  rate  so  that  two 
parameters  of  data  would  be  recorded  in  each  Datatron  205  word,  Changi.ng  the 
data  rate  required  a  10  pps  switching  rote  of  the  Pora.motcr  Corrimutotoi  lu  icpluce 
the  Former  switching  rate  of  5  pps.  Utilizing  the  sarr.e  circuitry  that  provided  the 
5  pps,the  time  constant  of  the  Monostoble  Binary  Unit  ^R3  was  changed  by  re¬ 
placing  the  timing  resistor  referred  to  in  f^ote  1  of  Figure  52,  so  that  the  60  pps 
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was  divided  down  fo  20  pps.  The  20  pps  was  then  divided  down  to  10  pps  by  another 
Mono'tabic  Blnory  Unit,  "R5.  A  petentiotneter,  ^R6,  providing  fine  adjustment 
to  got  10  pps,  did  not  have  sufficient  range  to  provide  q  stable  10  pps  ru  e  in  all 
the  modified  AMDPS  Dota  Recorders.  Replacing  the  timing  resistor  of  Module 
^R5,  leferrcd  to  in  Note  2  of  Figure  52,  provided  the  proper  timing,  with  sufficient 
adjustment  of  resistor  ^R6,  for  o  stable  10  pps  rote  in  all  the  modified  AMDPS 
Data  Recorders. 


Since  the  data  rate  was  doubled,  the  next  step  in  the 
tiiodlficotions  vras  to  expand  the  Parometer  Commutator  so  that  twenty  parometers 
could  be  recorded  by  the  AMDPS  Dota  Recorder.  Since  it  was  necessary  to  record 
all  the  data  with  one  punch,  there  was  no  need  for  two  separate  commutators; 
the  Operational  Paiurnefer  Commutator  and  the  Maintenance  Parameter  Commutator. 
Wiring  changes  connected  the  two  commutators  together,  and  eighteen  of  the  twenty 
Bistable  Binaiy  Linear  Counter  Units,  type  'll,  used  in  the  Parameter  Commutator 
shovm  in  Figure  52  were  connected.  The  uniting  of  the  two  commutators  eliminated 
the  need  for  module  ^Q9,  formerly  used  for  switching  of  the  Maintenance  Commutator, 
which  was  then  rewired  for  use  os  the  nineteenth  unit  in  the  Parameter  Commutator. 
Spare  modulo  ^D8  was  then  wired  for  use  as  a  Bistoble  Binary  Linear  Counter  Unit 
thus  completing  the  tv/enty  unit  Parameter  Commutator  shown  in  Figure  52. 

Operation  of  the  AMDPS  Dota  Recorder  on  o  Scon  basis 
was  achieved  by  modifying  the  Porameter  Commutotor.  During  Normal  operation, 
the  PoiunuTcr  Commutator  is  operating  os  o  continuous  ring  counter.  It  wot  necessary 
to  interrupt  the  continuous  ring  counter  and  change  the  operation  so  that  the 
Parameter  Commutator  would  operate  as  a  broken  ring  counter  when  In  the  Scon 
rfirwHi*  P,cf.~.;ring  to  figure  52  it  can  be  seen  that  there  ore  twenty-two  Bistable 
Binary  Line.ir  Counter  Units  which  can  b-  -.onnected  together  in  the  Parameter 
Coinniuialoi  when  switch  S-502  is  in  the  icon  position.  The  twenty-first  module 
in  the  Parameter  Commutator,  ^D7,  is  used  to  key  the  Parameter  Commutator  off 
at  tl'.c  end  uf  a  eyclt;  by  not  allowing  the  Linear  Counter  Bios  to  set  one  of  the 
preceodltK)  twenty  units;  the  twenty-second  module  in  the  Porameter  Commutator, 

*D6,  is  used  to  start  operation  when  a  Scan  Mark  occurs.  The  Scon  Mark  is 
generated  by  a  relay  closure  in  the  Control  PPI  »cope  and  shoped  for  a  sliurp 
negative  leading  edge  by  a  Schmitt  Trigger,  module  ^X552. 

During  the  operational  checkout  of  the  modified  AMDPS 
Dcilu  Recorder  at  Radiation  Incorporated,  it  was  discovered  that  the  planned 
meiliod  of  connecting  the  Biip/Scan  and  Jomming  Effectiveness  Switchboxes  to  the 
AMDPS  Data  Recorder  generated  trouble  in  the  Parameter  Commutator. Erratic 
operation  of  the  Parameter  Commutator  was  observed  when  (1)  the  1 15  volts  AC 
from  the  AMDPS  Data  Recorder  was  used  to  energize  the  solenoid  release  of  the 
switchboxes,  and  (2)  when  the  +6  volts  from  the  AMDPS  Data  Recoider  was  used 
to  energize  the  recording  lamps  of  the  switchboxes.  One  of  the  parameter  pulses 
used  to  energize  the  lamps  in  the  switchboxes;  M-7,  M-8,  Blip/Scan,  or  Jamming 
Effectiveness  parameter  pulse,  or  the  pom  me  ter  pulse  used  to  energize  the  solenoids 
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in  the  switcliboxcs,  M-9,  v/ould  iotr.ctinios  be  cul  sborf  nnd  o  rondoin  DUt^ble 
B  Inary  Linear  Counter  Unit  in  the  Parameter  Commutator  would  then  set  thus  des¬ 
troying  the  normal  mode  of  operotion  of  the  ring  counter.  The  elimination 
of  troubles  encountered  between  the  Sv/itchboxes  end  the  Parameter  Commutator 
ore  discussed  with  the  design  of  the  switchboxes  presented  later  In  this  section. 

Two  additional  troubles  were  encountered  with  the 
Parameter  Commutator  after  installotion  and  during  checkout  of  the  remaining 
six  modified  AMDPS  Data  Recorders  at  the  Verona  Site.  Both  troubles  caused 
erratic  operation  of  the  Parameter  Commutator;  parameter  pulses  would  not  be 
in  synchronization  with  the  10  pps  timing  rate  and  some  parameter  pulses  would 
not  be  present,  resulting  In  a  cycle  of  operation  being  less  than  two  seconds. 
Investigation  of  this  problem  revealed  that  (I)  dirty  tape  punch  perforator  contacts 
resulted  In  on  erratic  60  pps  reference  which  accounted  for  false  triggering  of 
the  20  pps  and  10  pps  Monostable  Binary  Units  and  (2)  when  the  Scan-Normal 
Switch,  S502,  was  in  the  Scan  position,  the  Linear  Counter  Bios  of  the  Bistable 
Binary  Linear  Counter  Units,  v/hich  was  connected  outside  the  RF  proof  enclosure 
to  switch  S502  on  the  front  panel  picked  up  noise  from  the  punch  motor  on  the 
wiring  outside  the  RF  shield. 

The  dirty  perforatoi  contacts  were  leplaced  In  one  modified 
AMDPS  Data  Recorder  and  cleaning  of  the  perforator  contocts  in  onother  modified 
AMDPS  Data  Recorder  restored  proper  operation  of  the  timing  circuitry. 

The  problem  of  the  Scan-Normal  Switch,  S-502,  allowing 
noise  pick-up  on  the  Linear  Counter  Bios  of  the  Parameter  Commutator  wos  the 
most  difficult  trouble  to  isolate.  An  oscilloscope  wos  used  to  observe  the  voltage 
level  of  the  Linear  Counter  Bias  and  no  noise  could  be  observed  since  a  Bistable 
Binary  Linear  Caunter  Unit  would  set  at  the  instant  that  noise  occurred.  Capacitors 
were  connected  between  ground  and  the  Lineor  Counter  Bias  with  the  result  of 
either  stopping  operation  of  the  ring  counter  or  »  ,  by-passing  the  noise  to  ground. 

It  was  then  decided  to  use  the  Scon-Normal  switch  to  energize  a  relay,  mounted 
on  the  rear  door  inside  the  RF  enclosure  of  the  AMDPS  Data  Recorder  and  nenr  the 
Parameter  Commutator,  to  connect  tlie  Lineor  Counter  Bias  to  the  twenty-first  and 
twenty-second  Bistable  Binary  Lineor  Counter  Units  when  operating  in  the  Scon 
mode,  thus  eliminating  the  need  for  the  Linear  Counter  Bias  wiring  to  be  outside 
the  RF  Shield  and  this  avoided  the  noise  pick-up  from  the  front  puii  of  the  recorder. 

The  Parometer  C  mmutator  output  poises  are  used  to  gate 
analog  voltages  into  the  Analog  to  Digital  Converter  similarly  to  the  previous 
method  used.  The  previous  method  used  seventeen  relays  for  connecting  thren 
operational  parameter  vo  tages,  thirteen  maintenance  parameter  voltages,  and  a 
zero  reference  voltage  through  a  series  connection  of  the  relays  to  the  Analog 
Voltage  Buss  to  the  Analog  to  Digita  Converter.  The  present  method  used  in  the 


modified  AMDPS  Data  Recorders  utilizes  a  total  of  sixteen  relays  which  connect 
fifteen  analog  parameter  voltoges;  Range,  Azimuth,  nine  maintenance,  and  the 
four  spare  a  talog  inputs  designated  as  AS,  SS,  S/N,  and  SP  in  addition  to  the 
zero  reference  voltage  which  is  connected  through  the  Anolog  Voltage  Buss,  to 
the  Analog  to  Digital  Converter  during  the  Blip/Scan  parameter  pulse.  Zeroing 
the  Analog  to  Digital  Converter  during  a  digital  porometer,  Blip/Scan,  provides 
the  means  for  recording  digital  data  on  the  output  tape  during  o  period  when  the 
Analog  tc.  Digital  Converter  cannot  supply  digitized  analog  data  to  the  Punch 
Amplifiers.  No  operating  difficulties  ot  Radiation  Incorporated  were  encountered 
with  this  method  of  reading  in  the  analog  voltages  to  the  Analog  to  Digital 
Converter  through  the  series  connection  of  relays  shown  in  Figure  52,  however, 
after  installation  and  during  checkout  of  the  modified  AMDPS  Data  Reco'ders  at 
the  Veror.o  Site,  it  was  discovered  that  the  relays  used  to  read  in  the  analog  voltages 
would  malfunction  due  to  dirty  contacts  of  the  relays.  The  dirty  contacts  of  the 
relays  resulted  in  bad  data  for  the  proceeding  onolog  voltages  connected  in  series 
through  the  faulty  relay.  Operation  of  the  faulty  relay  was  restored  to  normal 
by  cleaning  the  contacts  or  readjusting  the  spring  tension  of  the  contacts,  however, 
it  is  felt  that  this  trouble  will  occur  often  In  the  future  and  some  suggestions 
to  alleviate  the  recurrence  of  bad  data  due  to  faulty  relay  contacts  are  offered 
in  section  3.3. 

Minor  wiring  changes  were  performed  on  the  Minor  Scon 
Gate,  module  ^Fl,  and  the  Program  Control  Gote,  module  ^F2,  since  these  changes 
are  explained  in  detoil  in  the  Instruction  Manual,  and  no  difficulties  were 
encountered  during  checkout,  operotion,  or  installation,  no  theory  of  operation 
will  be  presented  in  this  text.  Figure  52  shows  the  wiring  logic  of  module  ond  ^F2. 

Zeroing  of  the  Analog  to  Digital  Converter  necessitated 
rewiring  of  three  pins  in  the  Anolog  to  D'jital  Converter  Section,  pins  8  orrd  9 
of  module  ^11,  a  Monostable  Binary  Unit,  and  pin  8  of  module  ^Gll,  o  Bistable 
Binary  Unit.  In  addition  to  zeroing  of  the  Analog  to  Digital  Converter  riuring 
a  cllfreieni  time  than  previously  used,  it  v/os  decided  to  provide  inhibiting  of 
folse  code  outputs  so  thot  when  on  8  bit  of  any  decade  was  present,  the  4  bit  ond 
2  bit  of  the  same  decade  would  be  inhibited.  This  feature  eliminates  the 
possibility  of  an  involid  character  on  the  output  poper  tope.  Figure  53  shows  ihe 
logic  Hingram  of  the  Analog  lo  Digital  Converter  and  the  operation  of  inhibiting 
the  false  code  is  explained  In  derail  in  Section  2.2  in  the  Instructiori  Manual. 

No  troubles  occurred  in  this  port  of  the  modification. 

The  new  logic  required  for  recording  Time  data  and  the 
gating  of  the  analog  data  will  not  be  presented  in  this  text  since  there  were  no 
difficulties  or  troubles  generoted  by  the  new  logic  and  o  complete  theory  of  operotion 
of  ihls  circuitry  is  available  in  the  Instruction  Manual. 
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Twijnty  iit-.v  :,.vikIioOA^s,  ten  Blip,  ienn  ssvilcl’.bo  :cs 
end  ten  Jammltic)  Effoclivenoss  sv/ilci  l.OAi.i,  v/ere  fobricoteil.  One  moJifi  ,J  AMDPS 
Data  Recorder  can  record  deta  from  five  Blip/Scan  svdtchboxes  and  five  Jamming 
Effectiveness  switchboxes,  fhe  data  recorded  is  determined  by  tlie  operator  when 
he  manually  depresses  a  push-button.  Only  one  button  may  ne  depressed  ut  any 
one  time  and  all  other  push-buttons  are  locked  out  until  the  significant  data  is 
recorded  in  the  AMDPS,  A  solenoid,  mounted  on  the  switches,  provides  the 
release  function  for  the  push-button  switches. 

The  release  solenoid  of  the  switchboxes  is  rcted  at  1 15 
/olts  AC  and  500  ma.  Initial  uouccpl  called  for  the  115  volts  AC  to  be  wired 
from  the  AMDPS  Dora  Recorder,  however,  this  method  proved  to  be  unsatisfactory 
due  to  transients  occurring  inside  the  AMDPS  Data  Recorder  whenever  the  solenoid 
was  energized  or  de-energized.  The  transients  would  cause  false  triggering  of 
the  Parameter  Commutator,  as  explained  when  the  Parameter  Commutator  was  discussed. 
It  was  evident  that  control  of  the  switchboxes  hod  to  be  initiated  by  the  AMDPS 
Data  Reci^rdcr.  Tire  difficulty  v/as  resolved  by  controlling  a  relay  mounted  in 
the  switchbox.  The  relay,  upon  o  commend  derived  in  the  Data  Recorder,  connects 
115  VAC  to  lire  reset  solenoid  in  the  switchboxes.  The  115  VAC  when  connected 
to  the  reset  solenoid  will  cause  the  depressed  switch  to  be  reset. 

^  A  lamp  is  mounted  on  the  switchbox  to  Indicate  when 

switchbox  data  is  being  rccordid  ot  the  AMDPS  Data  Recordor.  This  visual  cue 
is  used  by  the  operator  tc  enter  new  data  Into  the  switchbox.  The  6  volts  needed 
to  light  the  lamps  was  originolly  obtained  from  the  +6  volts  supply  in  the  AMDPS 
Dota  Recorder,  Connecting  more  than  five  swit  .:hbo.'res  to  one  AMDPS  Doto 
Recorder  proved  to  be  too  much  of  o  load  on  the  -td  volt  supply  In  the  recorder  ond 
resulted  in  false  triggering  of  the  Porometer  Commutator.  An  Auxiliory  6  volt 
Powei  Supply,  shown  in  Figure  54  was  added  to  the  AMDPS  Dota  Recorder  for  the 
purpose  of  providing  6  volts  to  light  the  lamps  in  the  switchboxes.  The  addition 
of  the  Auxiliaiy  Power  Supply  eliminatfii  the  voltage  variation  of  the  AMDPS  +6 
volt  power  supply  to  other  tlicuitry  in  the  AMD".,  Recorder  v/hen  the  switchbox 
lamps  were  energized. 


Ihe  rPj-6  radar  is  o  height-finding  rador  with  a  shorter 
sweep  cycle  than  any  of  the  other  radars  under  observation.  The  other  rodors 
being  monitored  are  azimuth  rotating  devices,  but  the  FPS-6  antenna  nods  up  and 
down  rothor  thon  rotating  in  circular  maticn.  A  complete  cycle  of  mullon  for 
the  FPS-6  radar  consists  of  two  nods;  one  nod  is  up  ond  the  other  nod  is  down. 

The  fastest  time  of  o  nod  Is  three-quartc.  of  o  second,  iKciofr.rc,  o  complete 
cycle  of  operation  Is  two  nods,  and  the  period  is  1.5  sec  onds.  It  is  obvious 
that  1.5  seconds  is  too  fast  for  the  twenty  unit  Parnmpti>r  Com'^utatar  to  operate 
with  0  triggering  rote  of  10  pps,  since  a  complete  cycle  of  the  Patometer  Commutator 
takes  2.0  seconds. 
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Rgure  46.  Radar  Data  Display  System  -  Block  D1 
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Figure  48.  Timer,  Pitkoff  Unit  •  Logic  Diogruin 
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Figure  49,  Control  Unit  -  8loci<  Diagrc'  i  ^23592 
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Figure  50.  AAM>fS  Data  Recorder  -  runcrional  tiock  Diagram  (MOO) 
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Figure  5c.  Analog  »o  Digital  Converter  -  Logic  Diagram  !'\  OD) 
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Notes: 
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2.  CRl  4  CRt-  OlOOe.  MOTORC  uA  IN5t4 

3.  Cl'  CAPACITOR'ACROVOX.AFHI'IO 

iOOOUF,  zsvoc 
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5  TCRMINAL  STRIP'CINCH*  JONES  7*140 
6.  R'  <  Ra  RESISTORS  ARE  REMOVIO  25790 

FROM  POtRCTR  SUPPLIES  IN  AMDR5 
FOR  FPS-4;rP5-?'»;NIKC  ^  FP5-I5. 


Figure  54.  Auxllloiy  Power  Supply  -  SchemoHc  Dlogroffi  (MOO) 
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Figure  55,  FPS-6  AAodlficoiion  -  AMDPS 
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Slight  modifications  to  the  modified  AMDPS  Recorder  in 
Building  ^4  associated  with  the  FPS-6  radar  provided  compatibility  between  the 
FPS-6  rodar  and  AMDPS  recorder.  The  twenty  unit  Parameter  Commutator  was 
shortened  so  that  only  fourteen  Bistoble  Binary  Linear  Counter  Units,  type  111, 
were  used.  The  FPS“6  radar  parameters  to  be  lecorded  ore  Time,  Range, 

M-l,  M-2,  M-3,  M-4,  M-5,  M-6,  M-7,  Blip/Scan,  Jomming  Effectiveness, 

M-8,  and  M-9.  Thus,  the  four  spore  analog  parameters;  AS,  SS,  S/N,  and  SP, 
ond  the  two  spare  digital  oarometers,  F-1  and  F-2  will  not  be  recorded  In  the  AMDPS 
used  with  the  FPS-6  radar.  The  total  time  for  one  AMDPS  cycle  will  be  1.4 
seconds  for  the  fourteen  parameters. 

The  output  tape  format  will  appear  as  shown  In  Figure  51 
with  the  exception  that  the  carrioge  return  will  apear  at  the  end  of  the  M“9 
parameter  and  the  following  six  parameters  will  be  missing  from  the  tape,  namely; 

AS,  SS,  S/N,  SP,  F-1  and  F-2.  A  list  of  changes  needed  to  accomplish  the  altera¬ 
tion  of  the  AMDPS  to  the  FPS-6  radar  is  shown  in  Figure  55.  The  Scan  recording 
fcctoTG  fS  5ti  II  civuiluble  with  a  Scan  mark  being  generated  only  on  the  down  nod  of 
the  FPS-6  radar.  No  instolluliun  or  operating  difficulties  were  encountered 
during  uttd  after  this  modification  to  the  FPS-6  rodor. 

3.0  RELIABILITY 

3. 1  Summary 

Reliability  has  been  considered  on  on  equal  basis  with  peiformance 
and  cos^  throughout  tire  development  of  the  RADC  Data  Gathering  Instrumentation 
System.  The  present  system  configurotion  represents  o  near  optimum  combination 
of  these  influencing  factors.  The  reliability  progrom  wos  divided  Into  the  four  (4) 
major  areas,  listoi  below; 

(a)  Planning 

(b)  Design  Cdterio 

(c)  Analysis 

(d)  Testing 


Proper  iiviplcinenluliun  and  control  in  these  areas  has  provided  a 
high  degree  of  reliability  assurance:  in  the  end  product. 
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Manifestation  of  the  work  accomplished  in  these  areas  is  ovailal-ple 
in  the  documents  listed  below.  Proper  control  of  these  areas  is  readily  discernible 
in  any  ottempt  to  evaluate  system  performance. 

Reliability  Plan 

General  Derating  Philsc'phy 

Reliability  Piediction  Reports 

Test  Procedures  end  Reports 

Radiation  Incorporated  has  a  high  degree  of  confidence  tliul  the 
equipment  designed,  manufactured  end  delivered  on  this  contract  will  continue 
to  demonstrate  reliability  c ha rocrr.ri sties  which  v/ill  exceed  those  required  and  which 
will  be  equal  to  or  better  than  those  predicted. 

3.2  Reliability  Prediction: 

A  summary  of  reliability  calculotions  Is  presented  in  Table  II. 

This  table  provides  direct  comparisons  betv/een  the  required,  predicted  and  test 
lellubililleS.  Thu  lerjuiied  I'eiiobllity  volueS  weie  calculated  in  CeCOrduiiee  'with 

ruiugiupli  3.2  uf  exhibil  RADC-2629,  dated  31  October  1958,  since  specific 
values  were  not  specified  elsewhere.  The  reliability  values  shown  ore  based  on  an 
assumed  mission  operating  time  of  eight  (8)  hours.  It  should  be  noted  that  the 
^MDPS  modification  is  not  considered  or  reflected  in  colculotions  or  discussions 
•'nted  herein.  The  req-uired  and  predicted  reliability  ond  Mean-Time-Between- 
.  uilorr  (MTBF)  values  (shown  in  the  first  four  columns  of  Table  IDwere  calculated 
in  the  ving  reports: 

(1)  Radiation  Incoiporated  Prellmlnory  Reliability 

Prediction  for  tfie  Ground  System,  rioted  20  May  1960. 

(2)  Radiation  Incorporated  Preliminary  Reliability 

Prediction  for  the  Airborne  S'  .lem 

The  column  entitled  "Prol-Kihlliry  of  Mission  Success"  indirotes 
the  siotisticol  probability,  derived  from  the  predicted  MTBF  values,  of  completing 
an  eight  hour  mission  with  no  (zero)  failures. 
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Tlio  colun.n  •  n-illcd  "T<.st  Indiccillons"  is  indicoUvc  of  the 
test  results  summarized  in  Paraoripli  3.3.  The  columns  entitled  "Operator 
Influence"  and  "Maintenonce  Influence"  are  explained  in  Paragraph  3.4, 

3.7. 1  Prediction  Details  Radar  Display  .Sy;»em 

The  predicted  MTBF  for  the  Radar  Display  System  is 
255  hours  as  shown  in  Table  II.  This  value  is  slightly  greater  than  three  (3) 
times  the  calculated  required  value  of  83  hours.  The  prediction  was  based  on  o 
maximum  operating  temperature  of  30“C  and  component  deratings  of  10%  for  logic 
circuits  and  50%  tor  pov/or  supplies.  The  results  of  the  tests  (see  Paragraph  3.3) 
indicate  the  predicted  MTBF  is  valid,  if  not  slightly  conservative,  since  the 
maximum  test  temperoture  was  50‘’C  and  Life  testing  indicates  a  lower  NOR 
module  failure  rate  than  was  predicted. 

3.2.2  Prediction  Details  Airborne  Time  Decoder 


The  predicted  MTBF  for  the  Airborne  Time  Decoder  is 
1 1 15  hours  as  shown  in  Table  II.  This  value  is  more  then  two  (2)  times  the 
calculated  required  volue  of  479  hours.  The  prediction  was  based  on  o  maximum 
operating  temperature  of  SO^C  and  component  derating  of  5C%  for  all  circuits. 

Test  results  (Paragraph  3.3)  tend  to  confirm  this  oredlctlon.  However,  the 
prediction  may  prove  to  be  conservotive  for  the  following  reasons; 

(a)  Life  test  results  indicate  a  longer  NOR  module 

life  than  was  predicted. 

(b)  Some  components,  particularly  in  logic  circuits, 
are  known  to  operate  at  lower  derating  levels  than 
those  used  in  the  prediction 

(c)  The  maximum  operc  '  ig  temperature  used  for  prediction 
purposes  wos  50“C.  This  temperature  is  probably 
higher  than  the  overage  flight  operating  temperature 
which  will  be  encountered, 

3,3  Summarized  Test  Results 

3.3.1  NOR  Module  Life  Test 

The  NOR  module  was  selected  for  life  testing  and  it  was 
used  as  the  basic  system  building  block  for  both  the  Radar  Display  System  and  the 
Airborne  Time  Decoder.  Basic  factors  leading  to  this  choice  ore: 

(a)  NOR  modules  comprise  over  60%  of  the  Airborne 
Time  Decoder  circuitry. 


76 


(b)  NOR  modules  constitute  about  SO^'o  of  Radar 
Display  Jiysten  circuitry. 

(c)  NOR  modules  ore  similar  to  bistobie  multivibrator 
modules  with  respect  to  electrical  and  physical 
characteristics.  The  life  test  results  would  provide 
a  good  indication  of  bistable  life  characteristics. 
Bistobles  constitute  an  additional  15  to  20%  cf  each 
system. 

The  Life  Test  was  conducted  using  500  NOR  modules.  The 
total  test  time  was  3383.9  hours  for  eoch  module.  This  represents  a  totol  cumulative 
test  time  of  1,691,950  hours  for  the  500  modules.  During  this  test  time,  one 
failure  occurred  at  2760.9  hours.  Thus,  o  cumulative  failure  free  test  time  of 
1,380,450  hours  was  accrued.  This  would  tend  to  indicate  that  the  MTBF  prediction, 
also  based  on  3U“C,  of  413,223  hours  is  conservative.  This  is  one  reason  why  tue 
"Reliability  is  Letter  thon  predicted"  is  enteied  in  Table  II  in  the  "Test  indications" 
column. 


3.3.2  Systems  Environmental  Testing 

3.3.2. 1  Radar  Display  System 

The  Radar  Display  System  was  subjected  to 

an  operating  temperature  test.  During  this  test,  the  system  was  exposed  to  tempera¬ 
tures  ranging  from  -10  *o-50®C.  It  is  significant  to  note  that  no  (zero)  failures 
v.'cre  observed,  while  the  remperatures  indicated  ore  moie  severe  than  those  likely 
to  be  encounttied  utider  actual  system  service  conditions.  This  occoiints  for  the 
"Reliability  is  better  than  preclicioJ"  entry  in  Toble  II, 

3. 3.2.2  Airborne  Time  Decoder 


The  Airborne  Time  Decoder  was  subjected  to 
tempi  iatuio,  shock  and  vibration  tests.  No  (zero)  foilures  were  observed  during 
any  of  these  test.  Thus,  the  appropriate  entry  was  mode  in  the  "Test  Indications" 
column  of  Table  II. 

3,4  Oth*ir  Rtjliobility  Cwnsldcrctlons 

3.4, 1  System  '“eakne'';  Identification 


The  two  systems  do  not  have  any  known  weak  areas  or 
features .  However,  the  more  severe  environment  imposed  on  the  Airborne  Time 
Decoder  would  indicate  a  faster  system  deterioration  rote  compared  to  that  of  the 
Redor  Dispoly  System.  No  real  evidence  in  support  of  this  theory  is  available 
at  this  lime. 
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3.4.2  Reli.ibility  Improvertii-nf  Muosuius 


Radio  Frequency  Interference  (RFI),  radiated  hy 
iuxtapositio.'ed  equipments,  was  conducted  by  the  Radar  Disf.lay  System  and  the 
Airborne  Time  Decoder.  Conducted  RFI  resulted  in  erratic  system  performance. 

This  situation  was  remedied  by  the  installation  of  RFI  shielding  where  necessary. 

No  other  problem  areas  have  been  indicated. 

3.4.3  Operator  Influence 

The  Radar  Display  System  can  be  operated  by  a  single 
power  switching  operation.  No  decrease  in  system  reliability  as  a  result  of 
variations  in  operator  skill  is  anticipated  for  this  system. 

The  Airborne  Time  Decoder  requires  the  opcioiui  io 
perform  five  (5)  basic  functions: 

(a)  Power  ON-OFF 

(b)  Time  Set 

(c)  Time  Reset 

(d)  Input  Level  Adjustment 

(e)  Output  Level  Adjustment 

Since  none  of  these  requirements  are  complex,  anoperotor 
with  minimum  skill  could  operate  tne  system  properly.  No  system  reliability 
degradation  is  expected,  due  to  operator  skill  vc  'ations. 

3.4.4  AAaintenonce  Influence 


The  maintainability  and  human  engineering  ospects  of 
these  systems  have  been  well  considered.  These  features  are  described  in 
Poragreph  4.0  of  this  report.  No  system  reliability  degradation  is  expected  for 
either  system  as  a  result  of  reasonoble  voriations  in  mointenonce  personnel  skill. 
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4.0  MAINTAINASILIIY 


One  of  the  prime  coniidsrotions  of  this  program  wos  the  production  of  equip¬ 
ment  v/hich  is  inherently  reliable.  By  maintaining  a  low-failure  rate,  maintenance 
manhours  are  kept  to  a  minimum.  Since  .eliability  becomes  more  difficult  to  achieve 
as  system  complexity  increase,  a  concomitant  design  responsibility  is  that  of 
maintainability.  This  may  be  define  f  os  a  quolity  of  the  combined  features  of 
material,  design,  and  installation  which  focilitotes  the  performance  of  maintencncc 
by  personnel  of  average  skill  under  the  Intended  operational  environment. 

At  Radiation  Incorporated  all  concerned,  from  the  system  designer  to  the 
componon  engineers,  are  aware  of  the  Influence  of  design  consideration  leading 
to  a  maintainable  unit  or  system.  Some  of  the  prime  considerations  are  included 
in  the  following  paragraphs. 

The  occcssibllity  of  an  Item  will  bear  o  direcr  relation  to  its  kriuwu  !iu 
rate.  Items  which  have  o  short  mean  time  to  failure  arc  easily  removable  form 
the  major  assembly.  Items  with  o  long  run  time  to  failure  do  not  have  to  be  removed 
io  totlliiute  lepiacemeni  of  a  short-life  ilem.  This  is  not  intended  to  Imply  that 
long-lift  it.tms  are  located  in  hard-to-get  areas;  accessibility  of  all  items,  regard¬ 
less  of  their  estimated  lite,  ore  provided. 

The  majority  of  the  circuit  modules  are  mounted  on  swingout  aluminum 
boards  which  makes  for  ec.se  in  rt  moving  the  module.  It  also  mokes  accessible 
ihe  power  and  signal  connection  to  the  modules  for  troubleshooting  the  equipment. 

jpccial  tools  cre  not  required  when  removing  on  item  from  o  major  assembly. 
StoriJctKi  screw;,,  bolt',  nuts,  clamps,  and  other  mounting  hardware  ore  employed. 

Units  ana  modu'es  do  '"ot  require  spnri.il  adjustment  or  refitting  when 
Inserted  into  a  major  assembly. 

Safety  precautions  have  been  observed  to  assure  that  personnel  are  not 
exposi'd  to  physical  or  electrical  hazard  when  perfoiming  repair  functions,  or  to 
physical  strain  due  to  excessively  heavy  or  owkord  units. 

From  the  humon  engineering  point  of  view,  there  ore  several  techniques 
which  were  employed  to  m.akc  the  maintenance  tcchnicion's  job  mere  feosible. 

Some  of  these  include: 

(o)  Layout  —  Efficient  equipment  loyout  so  that  electricolly  - 
ossocioted  it-Ams  orp  nrijnrpnt  tn  eoch  Other,  when  possible. 

(b)  Standardization  --  Stondordization  of  circuits  components  to  the 
greatest  extent  procticol. 
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(c)  Consistency  —  Consistency  in  color  coding  of  wires,  control 
movements,  and  circuit  modules. 

The  single-circuit  module  construction  improves  the  downtime  due  to 
maintenance.  It  is  a  simple  matter  to  troubleshoot  digital-type  equipment  by 
using  a  logic  diagram  shewing  int'o'mation  flow  and  module  and  pin  locations. 

Because  digital  logic  has  only  two  levels,  on  or  otf,  o  maintenonce  technician  with 
an  understanding  of  the  function  of  the  equipment  can  easily  isolate  and  iocote  the 
foulty  or  malfunctioning  circuit  module  or  modules. 

The  Airborne  System  and  Rador  Data  Display  System  use  the  same  circuit 
modules  and  have  the  mechanicol  layout  and  design  mentioned  above. 

It  v/ill  not  be  attempted  to  discuss  the  maintainability  of  the  modifications 
to  the  AMDPS.  This  is  because  the  changes  were  primarily  in  wiring.  A  few 
circuit  modules  were  added.  However,  these  modules  were  electrically 
identical  to  the  existing  modules  used  in  the  AMDPS.  It  should  be  mentioned 
that  all  added  connectors  terminal  boards  and  new  module  locotions  were  marked 
to  aid  in  the  operation  and  rnuintenonce  of  the  AMDPS  Dotj  Recorder. 

5.0  CONCLUSIONS  AND  RECOMMENDATIONS 

Provisions  for  exrendcd  capabilities  present  in  the  Airborne  System  ard 
the  Radar  Data  Display  System  are  outlined  per  section.  Recommendations  for  further 
improvement  of  the  AMDPS  follows: 

5. 1  Airborne  System 


A  sumoTary,  with  rerommendof ions  for  further  expansion  ot  the 
Airborne  System  will  be  discussed  In  this  section. 

A  minimum  of  difficulties  were  i  perienced  in  the  design,  fabrication, 
checkout  ond  installation  of  the  Airborne  System.  As  previously  stated,  the 
Airborne  System  is  an  extension  of  the  Time  Signal  Set  AN/U5Q~23(V).  The 
purpose  of  the  system  is  the  transmission  of  a  ronge  time  code  to  remote  places, 
namely.  Aircraft  in  flight.  The  Airborne  Time  Decoder  Is  used  to  decode  and  store 
the  time  code.  The  output  of  the  Airborne  Time  Decoder  will  supply  the  necessary 
power  and  signols  iu  control  a  visual  display  device,  on  Airborne  Radidicl, 

In  addition  to  coniiuctuai  requirements,  several  additional  out¬ 
puts  from  the  Airborne  Time  Decoder  were  furnished  for  future  use.  The  Airborne 
Time  Decoder  has  p^rriMel  gCD  time  a;  a  seperste  output.  This  output  may  be 
used  to  drive  oscillographic  recorders  or  magnetic  tape  recorders. 
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The  Airborne  System  may  eosily  be  expanded  by  the  addition 
of  ns  many  receivers  and  Airborne  Time  Decoders  os  needed.  A  further  exponsion 
of  the  Airborne  System  could  be  the  addition  of  more  Rodidials  per  Airborne  Time 
Decoders.  At  present,  each  Airborne  Time  Decoder  supplies  only  one  Airborne 
Radidial.  The  Airborne  Time  Decoder  con  supply  signal  and  power  for  up  to  ten 
Airaorne  Rodidials. 

The  Airborne  System  extended  the  range  of  the  AiS/USQ-23(V) 
Time  Signal  Set  from  2  miles  up  to  300  miles.  The  serial  BCD  Time  Code,  see 
Figure  ^0,  Is  available  now  in  Aircraft  participating  in  the  activities  and  tests 
takino  p'ace  at  the  Verona  Test  Annex.  It  should  be  mentioned  again  that  the 
Airborne  Time  Decoder  con  also  be  used  as  an  independent  Time  Code  Generator 
in  the  event  the  radio  link  is  blanked  out  or  the  Aircraft  receiver  is  out  of  radio 
range  of  the  ground  based  transmitter. 

5.2  Radar  Data  Display  System 

This  section  will  contoin  o  brief  summery  of  the  Rador  Doto 
Display  System.  Recommendations  for  improveni  ents  and  future  expansion  will  be 
presented. 


As  previously  explained,  the  Rador  Data  Display  System  it  used 
to  trnnirnit  over  a  lond  line  and  display  visually  at  remote  sites  range  and 
azimuth  information  from  the  MSO-IA  end  MOD-III  radars.  The  range  ond  azimuth 
information  from  both  radors  is  available  at  the  Track  Radar  Evaluator  Unit,  The 
information  is  available  in  BCD  form.  The  Plck'Off  Unit  is  used  to  select  the  proper 
information  from  the  Track  Rodor  Evaluator  Unit,  and  after  the  Information  Is 
arranged  in  ihe  proper  formot,  the  rodar  range  and  ozimuth  information  Is  transmitted 
to  six  Control  Units.  The  outputs  uf  the  Control  Units  ore  used  to  control  14 
Decimal  Rcuduui  ijfiits.  The  layout  location  of  the  equipment  is  seen  in 
Figures  56  through  65. 

At  this  point .  it  should  be  pointed  out  thot  the  Control  Unit  can 
se't-ct  only  one  set  of  rador  informotion.  he  operator  has  the  optlot^  of  selecting 
MOD-111  rodor  or  MSQ-IA  rodor  information.  To  display  information  simultaneously 
at  one  site  from  both  radars,  two  Contiui  Units  ore  required,  one  for  MSA-IA 
radar  information  and  one  for  MOD-III  radar  information. 

The  system  requires  !he  opercilion  of  one  or  both  of  the  rodnrs, 
uiiu  the  system  requires  the  operation  of  the  Track  Radar  Evaluator.  It  is  impossible 
to  eliminate  the  use  of  the  rodors,  but  the  Track  Rodor  Evoluotor  could  be  eliminated 
from  system.  It  would  require  o  seperate  servo  system  and  code  wheels  for  eoch 
radar  to  determine  the  range  ond  ozimuth.  The  system  was  Initiolly  designed  to 
hovrs  n  SCP.'C  SyStCm  Gr.d  codd  wheels,  bui  the  dupiicotion  of  equipment 
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proved  to  be  costly,  c.nd  tlic  code  output  of  llte  Track  Radar  uvaluatcr  wos  used 
to  eliminate  the  duplication.  The  Track  Radar  Cvaluaior  was  modified  :o  that 
the  full  operating  capability  of  Track  Radar  Evaluator  wus  not  required  when  the 
Radar  Data  DIsploy  Sy'tem  is  to  be  eperoted. 

The  Radar  Data  Display  system  can  be  expanded  with  the  additions 
of  Contiol  Units  along  the  transmission  line.  Up  to  six  more  Control  Units  could 
be  added  to  the  present  system.  The  Radar  Display  system  is  very  similar  to  the 
Time  Signal  Set  AN/USQ-23(V)  in  operation,  and,  therefore,  most  of  the  problems 
were  anticipated.  This  resulted  in  o  minimum  of  difficulties  in  all  stages  of  work, 

5.3  r  MDPS  Modification 

A  summary  of  the  modified  AAADPS  Data  Recorder  capabilities 
v/!ih  suggestions  for  further  improving  the  Daia  Recorders  is  presented  in  this 
section. 


Fifteen  analog  voltages,  from  the  Automatic  Radar  Monitoring 
Systems,  Models  R-065-2A-i,  R-C65-3A-1,  R-065-4A-1,  R-065-5A-1,  and  K-065-6A-1; 
and  five  digital  groups  of  information,  namely  (i)  Time  information  from  the 
AN/USQ-23(V)  Time  System,  (2)  Blip/Scan  switchbox  information  from  five  Blip/ 

Scan  switchboxes,  (3)  Jamming  Effecriveness  switchbox  information  from  five  Jamming 
Effectiveness  switchboxes,  (4)  and  (5)  two  spare  digital  groups  designuted  as 
F-1  and  F-2  can  now  be  recorded  on  the  output  poper  tope  of  six  of  the  modified 
AMOPS  Data  Recorders.  These  six  modified  AMOPS  Data  Recorders  can  also  be 
controlled  by  a  Scan  Mark  from  acontrol  PPi  which  will  operate  the  recorders 
on  a  per  scan  basis  with  n  recording  cycle  of  two  seconds.  The  seventh  modified 
AMDPS  Data  Recorder,  used  with  the  FPS-6  radar,  con  record  nine  analog  voltoges 
from  the  Radar  Monitoring  Systems  ord  three  digital  groups  of  dato,  including 
(1)  Time  information  from  the  AN/USQ-23(V)  Time  Signal  Set,  (2)  Blip/Scan 
switchbox  Information  f.'om  five  Bllp/Scan  switchboxes,  and  (3)  Jomming  Effectiveness 
switchbox  information  from  five  .lomming  Effccflvv.iiei5  switchboxes  In  odditlon  to 
the  capability  of  being  cont'olled  by  o  Scon  Mark  from  a  Control  PPI  scope  which 
will  opriuie  ilie  lecuiuer  on  a  per  scon  basis  wirh  o  recording  cycle  of  1.4  seconds. 

Four  of  the  seven  modified  AMOPS  Data  Recorders  also  have  the 
odded  capabilities  of  recording  data  from  switchboxes  located  in  Headquarters 
building  and  these  recorders  can  record  on  a  scan  basis  with  the  Scan  Mark  ori¬ 
ginating  from  a  control  PPI  scope  in  Headouarters  building. 

Difficulties  encountered  during  the  installation  and  the  operating 
checkout  of  tiic  iinjtlifieJ  AMDPS  Dora  Recorders  were  discussed  in  Section  2,3. 

The  solutions  to  the  troubles  that  appeared  were  given  and  the  results  obtained 
from  these  solutions  were  satisfactory,  however,  two  troubles  that  occurred  were 
only  temporarily  corrected.  Recurrence  of  trouble  is  oxpected  from  the  dirty 
perforator  contaers  of  the  punch  motor  and  the  dirty  contacts  of  the  relay:  used 
to  read  the  analog  voltages  into  the  Anoloo  to  Digital  Converter. 
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A  possible  solution  lo  the  poor  60  pps  reference  obtained  from 
tl'.e  dirty  pctforotor  contacts  would  be  to  replace  this  reference  by  a  reference 
gonorotor.  TIiG  reference  generator  would  be  free  of  dirty  contoct  trouble  and 
the  output  from  this  reference  generator  could  be  used  for  the  60  pps  reference. 

The  trouble  encountered  with  the  dirty  contocts  of  the  relays 
u.e.l  for  reading  ir  the  analog  voltages  to  the  Analog  to  Digital  Converter  leads 
to  iolcrions,  buili  solutions  would  seem  to  minimize  this  trouble  and  should 
be  used  together.  The  first  solution  would  be  to  alter  the  method  of  connecting 
the  relays  in  scries,  and  connect  the  reloys  in  parallel  with  the  wiper  orms  of 
the  relays  being  connected  together  to  the  Analog  Voltage  Buss.  This  method  would 
rc-rider  a  bod  dota  condition  to  only  the  analog  voltage  being  read-in  by  the 
fa.dly  r*>lny  and  oil  other  analog  dafo  would  be  unaffected.  Figure  66  shows  how 
this  method  could  be  wired  into  the  AMDPS  Data  Recorder. 

The  other  solution  to  the  relay  contoct  problem  would  be  to  use 
.•lOic  leliobie  rc!a;.s.  Hermetically  scaled  relays  con  be  obtained  which  con 
opeiaie  foi  tens  of  millions  of  operations  due  to  the  elimination  of  contact 
contorninafion  and  the  initici  cost  of  these  relays  rouM  probably  be  justified  by  the 
increase  of  reliability  and  the  decrease  in  maintenance  time  required  on  the  AMDPS 
Dofo  Roccrdc;rs. 

The  modified  AMDPS  Data  Recorders  are  now  operating  at  the  maximum 
|•.'le  poisibh;  v/illi  the  use  of  the  popei  perforator  punches.  Future  considera- 
iioiis  tov-arcis  foster  data  rates  r.ouid  be  obtained  with  AVsgnetic  Tope  Recorders. 
MMyiietii.  Tope  Recorders  would  also  provide  more  doto  per  tope  length,  quieter 
opci  iiioii,  aii'J  cliii-iinatc  the  trouhlos  produced  by  mechanical  punches. 

1  lL;<ibilit/  lo  tile  AMDPS  Doto  Recorders  could  be  obtained  by 
the  ('iJcliiion  of  an  alarm  system  which  would  monitor  the  output  tope  and 
Indie  III:  v.-!.rn  one-  ot  the  poraneter  exceeded  pre-set  limits.  This  alarm  system 
l  onid  ih.- »  iivlli'on-  iiifil fi,;nr tJrins  occurt*  .j  during  a  test  v/hlch  could  bo  corrected 
duriii-j  i';  ti  "!  or  else  concol  flic  test  at  the  operators  option. 

An  cir.alog  monitoring  system  might  also  prove  useful  in  plotting 
vhaiincls  of  '.inalog  data  for  observotion,  thereby,  providing  results  of  interesting 
def'’!  jirio'  to  ^.(jtripuler  onolysis. 
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NOTE: 

J.B. -JUNCTION  BOXES  WITH  12  SEPARATE 
DECIMAL  READOUT  UNIT  OUTLETS. 


1.  RADIDIAL 

2.  DECIMAL  READOUT  UNIT 

3.  AMDPS 

4.  RADAR  TRACK  PLOTTER 

5.  oscillographic  RECORDER 


DECIM*.L  TIME 

DECIMAL  RANGE  AND  AZIMUTH 
PARALLEL  BCD  TIME 
SERIAL  TIME  MARKS 
SERIAL  BCD  TIME 

'25781 


Figure  57.  H«adqi.«rtaii  Building 
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LAND  LINE 


1.  RADIDIAL 

2.  decimal  readout  unit 

3.  AMDPS 

4  RADAR  TRACK  PLOTTER 
5.  OSCILLOGRAPHIC  RECORDER 


DECIMAL  TIME 

DECIMAL  RANGE  AND  AZIMUTH 
PARALLEL  ICD  TIME 
SERIAL  TIME  MARKS 
SFRIAL  BCD  TIME 


ri^uxt  Co.  Building  ^4 


KEY: 

!.  RADIDIAL 

2.  UECIM.AL  RFAOO'JT  UNIT 

3.  AMDPS 

4.  RADAR  TRACK  PLOTTER 

5.  OSCILLOGRAPHIC  RECORDER 


DECIMAL  TIME 

DECIMAL  RANGE  AND  AZIMUTH 
PARALLEL  BCD  TIME 
SERIAL  TIME  MARKS 
SERIAL  BCD  TIME 


'25776 


Figure  W.  Building  '6 
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LAND  LINE 


B8 


DECIMAL 


KEY: 

1.  RADIDIAL 

2.  DECIMAL  READOUT  UNIT 

3.  AMD  PS 

■1.  rauar  track  PLuriER 
5.  OSCILLOGRAPHIC  RECORDER 


DECIMAL  TIME 

DECIMAL  RANGE  AND  AZIMUTH 


PARALLEL  iCD  TIME 
SERIAL  TIME  MARKS 
SERIAL  BCD  TIME 


'25777 


Figure  61 ,  Nike  Radar  Vnn 
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.  RAOIOIAL  DECIAAALTIMr 

.  DECIMAL  READOUT  UNIT  DECIMAL  RANGE  AND  AZIMUTH 

.  AMDPS  PARALLEL  90  »  TIME 

.  RADAR  TRACK  PLOTTER  SERIAL  TIME  .MRKS 

.  OSCILLOGRAPHIC  RECORDER  SERIAL  BCD  1  ME  #25779 


LAND  LINE 


♦  BLDG  8 
>  MSQ-IA 


ETIC.V. 
SLAVE  J 
RADAR  ] 
VAN 


S 


RADIDIAL _ 

>  DECIMAL  READOUT  UNIT 
r  RADAR  TRACK  PLOTTER  *1 

RADAR  TRACK  PLOTTER  *2 
y  OSCILLOGRAPHIC  RECORDER 
^  ANALOG  TIME 


1 

1 

± 

1 

1 


TO 

MSQ1A 


NOTE: 

T.B. -TERMINAL  BOX  WITH 
FOLLOWING  OUatlS: 

1.  RADIDIAL 

2.  DECIMAL  READOUT  UNIT 

3.  RADAR  TRACK. PLOTTER 


KEY; 

1.  RADIDIAL 

2.  DECIMAL  READOUT  UNIT 

3.  AMDPS 

4.  RADAR  TRACK  PLOTTER 

e  I  ^A*nAf»MK* 


DECIMAL  TIME 

■■ .  CIMAL  RANGE  AND  AZIMUTH 
PARALLEL  BCD  TIME 
SERIAL  TIME  MARKS 
SERIAL  CCD  TIME 


'25780 


Figure  6..  Mod  III  Radar  Van 
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FROM  ^ 

MOD  nr  1 


NOTE: 

T.B.-  TERMINAL  80X  WITH  THE  FOLLOA^ING  OUTLETS 

1.  RAOIOIAL 

2.  DECIMAL  readout  UNIT 


KEY: 

1.  RADIDIAL 

2.  DECIMAL  READOUT  UNIT 

3.  AMDPS 

A.  RADAR  TRACK  PLOTTER 
5.  OSCILLOGRAPHIC  RECORDER 


DECIMAL  TIME 

DECIMAL  RANGE  AND  AZIMUTH 
PARALLEL  BCD  TIME 
SERIAL  TIME  MARKS 
SERIAL  BCD  TIME 


'25773 


Figure  64.  MSQ-IA  Radar  Van 
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LAND  LINE 


RADITRAND 


/ 


1.  RADIDIAL  DECIMAL  TIME 

2.  DECIMAl  READOUT  '  niT  DECIMAL  RANGE  AND  AZIMUTH 

3.  AMDPS  PARALLEL  BCD  TIME 

•i.  RADAR  TRACK  PLOTTER  SERIAL  TIME  MARKS 

j.  OSCILLOGRAPHIC  RFCORDFR  SERIAL  BCD  TIME 

*257/4 


Figure  65.  Bulldino  *8  t 


93 


94 


